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Nightmare 


ly the society of 1984 all were equal, but 

some were more equal than others. In 
2033, according to Dr. Michael Young, in 
his brilliant satirical essay, The Rise of the 
Meritocracy (Thames and Hudson Limited, 
15s), equality of opportunity will have 
achieved the paradox of creating a society in 
which class divisions are more rigid than in 
any society previously known. These divisions 
will not, however, be based on inheritance 
or wealth, but on the accurate and scientific 
assessment of intelligence, on which every 
individual’s education and employment will 
be based. When the IQ can be determined 
at the age of 3, or even in the womb, the life 
of everyone will be plotted from birth to 
death with the inevitableness of a series of 
factory operations. 

This is the path on which Dr. Young 
already sees us set, with our 11 plus examina- 
tions, our scholarships to university and 
technical college and our elaborate systems 
of psychological testing for jobs in industry 
and the public service. It is the path along 
which every radical political demand for the 
abolition of inherited privilege has been 
pressing us since the industrial revolution, 
and along which the United States, the 
Scandinavian countries and Russia have 
already left us far behind. 

It is, in fact, this very element of inter- 
national competition which is now so strongly 
fortifying political pressure. If we are to 
hold our own, not only militarily but also 
economically, in a world in which scientific 
development is taking place at an accelerating 
pace, it is said that we cannot afford to waste 
a single brain and that every ounce of talent 
must be cultivated to the full. 

Human value comes, therefore, to be 
measured by the contribution each individual 
makes to production and those, be they 
scientists, engineers or administrators, who 
contribute most must be treated as an elite 
and their lives made as easy as possible so 
that they can carry out their essential tasks. 

The concomitant of this development is 
that the rest of mankind will consist of those 
whose value, on this test of intelligence alone, 
counts as little; who are forced to recognise 
their “‘ inferiority *’ because they have been 
tried and found wanting by the best scientific 
methods and who are allocated to their 
precisely suitable slots in the economic 
system from which they can never hope to 
escape. Here they will live out their increas- 
ingly comfortable, but insignificant exist- 
ences. There would be a more drastic 
division of society than has ever before It 
would mean the end of a variety of talents 








among the masses; including those of the 
outstanding individuals who, from time to 
time, have given them leadership. There will 
be no Ernest Bevin’s or Walter Citrine’s as 
trade union leaders when the IQsare sorted out 
in infancy and the brains creamed off. There 
would be no hope for individuals to rise 
during their lives, and discontent among the 
masses would find no constructive outlet, 
but would smoulder in turbulent frustration. 
Mankind’s evolution would have reached 
that of the bees. 

It is easy to argue that this is a sociologist’s 
nightmare. The psychologists will never be 
so skilful; the very nature of intelligence is 
unknown and its capacity for change during a 
lifetime is still a matter of speculation. 
Nevertheless Dr. Young has posed a modern 
dilemma of which it is good that we should 
be forewarned in time. These developments 
are not inevitable however much they may 
seem so. They derive from the values which 
our society at present holds pre-eminent. 
They are materialistic values and they involve 
us in a relentless drive to increase the supply 
of manufactured goods. There is nothing 
wrong in raising the level of physical comfort 
and amenity. There are still very many in 
this country, and a great many more in the 
world as a whole, whose comfort and freedom 
would be enhanced if they could obtain more 
of the products of industry or the soil. 
It is rarely those who still lack the advantages 
of, for instance, the means for private trans- 
port or a modern kitchen, who preach the 
simpler life. 

The solution of the dilemma can certainly 
not lie in wasting talents in the name of 
equality. The individual has rights as well 
as society and the idea of keeping some of 
the high IQs back in the class into which 
they were born, as suggested by the “* revolu- 
tionaries”” of Dr. Young’s imagination, is 
intolerable. The alternative is a_ refusal 
to worship the golden calf, however much we 
enjoy the comforts it provides; and the 
development of a multiple system of social 
values in which the various qualities of every 
individual find equal recognition. 

As the problems associated with the 
production of wealth recede, other human 
values will be seen to be of equal value with 
intelligence. Equality of opportunity may 
then come to mean the opportunity for all to 
develop the virtues and talents with which 
they were endowed; kindliness, courage and 
generosity as much as intelligence. Artistic or 
craft ability might even receive the same 
recognition that scientific and _ technical 
expertise now so peremptorily demand. 
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Cover Picture.—A high-speed centreless grinding 
machine is shown grinding the external diameter 
of the outer races for ball-bearings. 

(Nurnberg photograph for ENGINEERING) 


Plain Words 


An economist of my acquaintance, for whom 
I have the very greatest respect, is always 
warning me not to tamper with the market 
system (not that I am able or inclined to 
tamper—even at Christmas time). To him 
the market system is a law of nature, 
immutably fixed, to which we are irrevocably 
subject. I’m no economist, but the whole 
thing seems so buttoned-up, so neat and tidy 
that I begin to smell a rat. 

When the price mechanism was first 
explained to me, I was completely carried 
away by the clear-cut ingenuity of the idea. 
Nothing could be simpler or neater. Here 
was a self-regulating machine, self-main- 
taining and self-lubricating (just like that 
enormous, lonely, unattended nuclear power 
plant in Walt Disney’s “‘ Forbidden Planet ” 
—designed to materialise the id !): all our 
desires expressed and channelled through our 
capacity to allocate our incomes, themselves 
being a function of our separate contri- 
butions to the common weal. There was 
certainly a rough justice about it, and to my 
mind no one has devised a better system—so 
long as we use it, and stop it using us. To 
abdicate responsibility in favour of a mech- 
anism, however ingenious, seems to me 
intolerable. 

Writers tell us that this is what is already 
happening in America (and it could happen 
here). The irredeemable flaw in the Soviet 
system is that one man, or at most a few, 
decides the economic destiny of the country. 
In the West, the situation may be one stage 
worse—no one does. Forgetting that the 
legal and social conditions through which 
the market system arose were in fact man- 
made, many Americans now look upon the 
economy as a natural organic growth, and 
its ecology such that attempts to restrain 
it at one point will only generate cancers 
atanother. They are like people who believe 
in fate: convinced that their destinies are 
predetermined, they make no attempt to 
alter them. 

Of course, it’s understandable in econom- 
ists: they are overcome by the ingenuity of 
their own explanations. But for the rest of 
us to accept their view that all is for the 
best in the best of all possible worlds, 
glossing over the deficiencies, is unpardon- 
able. As an engineer, I believe in turning 
nature to human ends, and certainly refuse to 
be messed around by nature—especially in 
the form of some half-baked economic theory. 
The price mechanism is pure human fabrica- 
tion all wrapped up in a man-made tissue of 
laws: and if someone wishes to adjust the 
working parts, by raising the bank rate or 
allowing tax relief for factories set up in 
depressed areas, well go ahead. Someone 


has to decide what is for the country’s good. 
To my mind it is beneath human dignity to 
be tossed hither and thither by natural forces 
without making some attempt to hit back. 
CAPRICORN 





Weekly Survey 


Rail Plan to 


It is a sad reflection on the way in which plans 
can go awry that a bare two years after the first 
announcement of the British Railways modern- 
isation plan it should be necessary to subject it 
to a searching review and possible that it should 
be completely revised and reshaped. The 
present state of the British Transport Com- 
mission’s finances have made this a necessity. 
A few weeks ago it became clear that the 
Transport Commission’s loss for 1958 would 
probably be as high as £85 million in spite of the 
efforts to economise, and that the £250 million 
which the Government advanced to cover 
deficits up to 1962 would in fact be exhausted 
some time in 1959. However, the Minister 
of Transport assured the House of Commons 
that the Government would have to receive a 
very complete economic justification for any 
change in the break-even date previously forecast. 

The terms of reference for the inquiry were 
stated by Mr. Watkinson to be in the first place 
to examine the achievements under the modern- 
isation plant to the end of 1958 and the benefits 
obtained; to make a detailed re-examination of 
the future course of the plan, with particular 
reference to the next five years, related to the 
size of the railway system that would be needed 
in the future; and thirdly to re-appraise the 
economics of modernisation in the light of the 
above re-examination and to consider the steps 
necessary to achieve the earliest possible break- 
even date. Mr. Watkinson said that the 
Commission was already receiving all the money 
it could use for modernisation (for example, in 
1959 the figure will be £178 million for the 
railways as opposed to the planned £149 million), 
but the Commission’s deficits are now approach- 
ing the same order of size as their investment in 
modernisation. 

While some of the factors leading to the heavy 
loss in 1958 are beyond the Transport Com- 
mission’s control and certainly may be temporary, 
this in no way disguises the urgency of the need 
for making modernisation pay off as rapidly as 
possible. This may in the first instance lead to 
greater emphasis on main-line electrification and 
the introduction of diesel locomotives. There is 
an obvious temptation to achieve economies by 
reducing the spread of British Railways’ services. 
The Transport Commission is in an unenviable 
position between trying to achieve profitability 
and providing a social service. 


Getting Goods to Europe 


Exporters to Europe will be interested in two 
announcements made last week regarding car- 
riage of goods to and on the Continent. The 
British Transport Commission stated that 
British Waterways (North East Division) are 
introducing a direct-to-the-Continent container 
service at ‘all in” rates for traders and indus- 
trialists in the West Riding, South Yorkshire and 
the East and West Midlands areas. Using 
reinforced Fibreglass containers measuring 
7 ft 6in by 6ft by 6ft and capable of carrying 
up to 4 tons of cargo, the service provides direct 
transport from a company’s premises in this 
country by road to the nearest Waterways depot 
and thence by barge to ships’ sides at Hull or 
Goole. From these ports direct services already 
exist to the Scandinavian countries, Belgium, 
Holland and Germany and the containers will 
be delivered by road direct from the Continental 
port. 

As regards transport on the Continent, the 
second edition of the International Convention 
(Unternational Convention Concerning the Carriage 
of Goods by Rail; Annexe 1; second edition, 1958. 
HM Stationery Office, price 10s) contains 
revised regulations covering the carriage of 
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be Reviewed 


dangerous goods by rail which are to come into 
force on | January next. The Convention is 
generally accepted as the standard Continental 
European code for the transport of dangeroys 
goods. The new edition, besides containing an 
index of the substances affected, the labelling 
and the entries required on consignment notes 
gives the necessary information on the correct 
method of packing and dispatching these 
materials in order to avoid delay on account of 
their dangerous nature. 


Six Bright Shiners 


The manoeuvrings at the council of ministers 
during the Paris meeting of the Organisation for 
European Economic Co-operation before Christ- 
mas showed how serious has become the Cleavage 
of opinion in Western Europe on economic and 
political organisation. It had become clear 
that the six Messina Powers were prepared to 
put the European Economic Community (the 
European Common Market) ahead of even OEEC 
in their order of priorities. For over a decade 
this last organisation has been the embodiment 
of the British approach to economic co-operation 
in Western Europe. It has been a_ highly 
successful ad hoc body without any written 
constitution or clearly defined terms of reference. 
It has been a means of bringing heads of coun- 
tries together to work out Western European 
currency problems and methods of collaborating 
on economic policy to avoid exporting unemploy- 
ment to one another. 

As a piece of theoretical organisation it has 
been superseded in the minds of many Continen- 
tals by the European Economic Community 
which has a basic constitution in the Treaty of 
Rome, and a strong political as well as economic 
appeal. Its political implications have been 
apparent in the recent agreement of views 
between Dr. Adenauer and General de Gaulle. 
Even the Germans when pushed to the point 
of decision placed the political unity of “little 
Europe ’’. before a possible liberal trade policy 
for the whole of Western Europe. Mr. Khrus- 
chev’s manoeuvres over Berlin have indirectly 
stimulated the political aspects of unity within 
“Jittle Europe ’’ and the Berlin crisis with its 
implications for NATO has recently rather 
over-shadowed the future of OEEC. 

It is now apparent that the British have woe- 
fully under-estimated both the urge to unity 
among the six members of the European Common 
Market and the extent to which the other five 
would be prepared to put up with the vacillations 
of the French who have achieved considerable 
success, to judge by the state of the game at the 
close of 1958, in moving towards European unity 
behind a high tariff barrier. Not only the idea 
of the Free Trade Area, but that of OEEC as 
well, is becoming out of date among those who 
form economic and political policy on the 
continent of Western Europe. 


Responsibilities of a European 


Giving the 1958 Sir Alfred Herbert Paper to the 
Institution of Production Engineers earlier this 
month, Sir Cecil Weir took as his subject ‘‘ The 
European Common Market, the Free Trade Area 
and the Production Engineer.”” Whatever may 
be the future either of the Common Market or the 
Free Trade Area, his remarks remain relevant. 
Sir Cecil made it quite clear, however, that it is 
the European Common Market which the pro- 
duction engineer must study in the near future. 
The production engineer will be called upon to 
study continuously every new method of produc- 
tion being tried out or used in other industrialised 
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communities in Western Europe and to apply 
the best of them in his own factory. He thinks 
that, by an large, over the wide field of engineer- 
ing (and he adds to this chemicals as well) there 
is nothing to be feared from equal competition 
provided our methods are modern, our production 
costings are low and we study the markets in 
which we shall have to struggle increasingly to 
compete. The decision to intensify selling 
efforts in a difficult Continental market, to allo- 
cate capital for more modern machinery, and to 
carry out a bold depreciation policy on old 
equipment are matters for company boards to 
decide. It is important, however, that if the 
engineer is to have the necessary stimulating 
impact on company policy he must have both 
constructive ideas and the opportunity and 
position to make his views heard. 


Lebensraum for Ownership 


State-owned industry makes news for a variety 
of reasons. Germany’s mixed bag of state- 
owned property is hitting the headlines because 
the Government is trying to get rid of it. A 
Minister of Federal Property has been appointed 
not to watch the national interests but to liquidate 
them. The Adenauer policy aims to get rid of 
some 6,000 million DM worth of industrial 
plant and holdings in order to give free rein to 
the private-enterprise system. 

The state’s holding is spread over a variety of 
industries. Over 70 per cent of West German 
aluminium output and through Volkswagen 
over 40 per cent of car production are in Govern- 
ment control. The state has a large stake in 
coal, lead, zinc and iron-ore mining. The 
former Hermann Goering steel works at Salz- 
gitter is the biggest single item in this group. 

So far the attempt to spread property owning 
more widely has made very little progress. 
Since 1949 some 32 partly or wholly Government- 
owned concerns have been sold, all of them 
however were small and the total effect of their 
sale is insignificant compared with the vast 
organisations that remain in state hands. Among 
firms in which the Government is now trying to 
dispose of its holdings are Preussag (coal mines), 
Mannesmann (iron and steel), Demag (heavy 
engineering), and Bayer (chemicals). 

For some time now these firms have been 
trying to interest their workers in share buying 
on the lines of some of the schemes recently 
started here. So far the response has been 
disappointing. The German worker has shown 
no great desire to put his savings into industrial 
shares. Perhaps if the argument between the 
Brunswick Provincial Government and_ the 
Federal Government over who owns the Volks- 
wagen concern can be solved, German small 
savings will pour into it. But until then it 
looks as though the Minister for Federal Property 
will be staying in business. 


Trade Across the Curtain 


How important is East-West trade? For some 
countries of the free world does it represent a 
big proportion of present external trade? What 
sort of share do engineering products take of the 
total? These are some of the questions that 
can be answered from a statistical review recently 
issued by the United States State Department. 
The free-world country with the highest trade 
turnover by value to the Sino-Soviet bloc is the 
United Kingdom with $251 million worth of 
exports and imports worth $346 million. Next 
comes Finland with exports at $242 million and 
imports at $278 million and Egypt for which 
the figures are $230 million and $134 million 
respectively. But whereas United Kingdom 


trade to the Sino-Soviets represents only 2-6 per 
cent of her total exports and 3-0 per cent of 
imports, that of Finland accounts for 28-3 per 
cent of exports and 30-9 per cent of imports. 
At the very bottom of the scale comes the United 
States where both imports and exports are at 
Of the West 


the half of one per cent mark. 





European countries the German Federal Republic 
does the biggest volume of trade by value and 
also has the highest proportion of its trade with 
the Sino-Soviet bloc. 

Lord Boyd Orr, President of the British 
Council for the Promotion of International 
Trade, recently stated that we should work 
out a programme to double our trade with 
Russia in 1959. He pointed out that since 
Britain raised certain embargoes this year, the 
Chinese have bought £2 million worth of 
tractors, £7 million worth of steel, £5 million 
worth of non-ferrous metal products and 
£1 million worth of machine tools. The State 
Department report shows that the main manu- 
factured goods so far exported to the Sino-Soviets 
by the OEEC countries are non-electric mach- 
inery, electric appliances, power generating 
machinery, textile machinery and metal-working 
machinery. In the opposite direction the main 
imports were non-electric and metal-working 
machines. Transport equipment accounted for 
only $18-:0 million worth of imports from 
the Sino-Soviets to the OEEC countries but 
$86 million worth of exports from them. Of 
this, ships and boats accounted for over $70 
million and motor cars $10 million. Much of 
this trade is subject to import and export 
licences and customs control procedures so that 
the possibility of expansion is not within the 
terms of manufacturers. Where it is, Lord Boyd 
Orr may be right that big increases in sales of 
manufactured goods would be possible. But 
in this field, as he well knows, politics plays as 
big a part as economics. 


Mould for Steel 


The announcement by John Summers and Sons 
Limited that their group profits were up in the 
year ended September 1958 by 13 per cent is a 
further indication of the prosperous times 
through which the steel industry was passing 
until the early months of this year. The Steel 
Company of Wales had issued very favourable 
results only just before the John Summers 
figures were published. The prospect for the 
current financial year of most steel companies 
is somewhat more bleak. 

Under the steel development plan home con- 
sumption was expected to reach 20 million ingot 
tons this year and exports about 4 million tons. 
The capacity of the industry is likely to be just 
under 24 million tons by the end of the year. 
In the event it is not likely that the calendar 
year will close with the industry doing better 
than an annual rate of 18 million tons. 

It is likely that stock building by the engineering 
industry, which is by far the largest consumer of 
steel, will begin in the New Year. It is even 
possible that exports may increase. British steel 
prices are competitive, and an upswing in 
economic activity in Western Europe next year 
could take the European steel industry and steel 
imports with it. The recovery in overseas 
markets, notably in the Commonwealth, may 
however, take rather longer, 

The critical question facing the steel industry 
next year will be to decide how far the rate of 
expansion in the long term demand for steel is 
conforming to the estimates made about four 
years ago. The statistical evidence is that the 
rate of increase has been rather slower than 
expected. It is, however, exceedingly difficult 
to extract the short-term influences, such as the 
credit squeeze and the American recession, from 
the long-term factors in the steel situation, and 
it may be that these will be found to have had a 
large, if temporary, effect on steel demand, 
delaying the long-term increase in the consump- 
tion of steel per head of population in this 
country’s main steel markets. Next year will be 
critical, since it will require a strong recovery in 
the steel market to put the long-term trend back 
in line with the estimates made when the present 
steel development programme was worked out. 
A slow recovery in steel demand in 1959 may 
not be sufficient to justify the current rate of 
expansion in capacity. 
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Letters to the Editor 


REGENERATOR EFFICIENCY 


Sir, The instructive and comprehensive Presiden- 
tial Address of Professor O. A. Saunders in 
ENGINEERING (19 September °58, p. 383, and 
26 September °58, p. 419) attracted my keen 
interest. 

This, indeed, is quite natural, as I am lecturing 
about heat measurements and automation of 
metallurgical furnaces at the Technical Uni- 
versity at KoSice, Czechoslovakia, and for a 
long time I am occupied with several very closely 
adjoining problems. I cannot help adding some 
remarks concerning the part of the Address which 
is dealing with regenerators (p. 419). 

Unfortunately, I must disagree with most 
statements of this part of the Address. They 
are based on the widespread conception of the 
function of a regenerator which is used, for 
example, in the well-known German publications 
of Heiligenstaedt and Schack. But the funda- 
mental ideas of this sort of analysis, applied to 
the regenerator, are not correct. The error can 
be clearly seen in the book Wédrmetechnische 
Rechnungen of Mr. Heiligenstaedt, where it is 
tacitly supposed: 

(1) that the heating period and the cooling 
period may be analysed separately; and 

(2) that the surface temperature of the masonry 
is at least approximately equal to the average 
temperature of the masonry at the same 
moment. 

Both suppositions are fulfilled only when very 
long reversal periods are applied. It is evident 
that, in this case, the heat economy of the 
regenerator is very low. As soon as the masonry 
is approaching the stabilised conditions, it 
loses the possibility of further accumulation of 
heat and the gas passes to the stack without 
delivering any further considerable quantity of 
heat to the masonry, and vice versa for the 
cooling period. 

For shorter periods a fundamentally different 
method must be applied. I have no intention to 
deal in this letter in detail with the problem. 
For information I would refer those interested to a 
paper “* Der Warmeanstausch in Regeneratoren” 
on the subject that I published some time ago 
in the journal Neue Hiitte (p. 234, Heft 4, 
April, 1957). I would only like to draw attention 
to the fact that, for normal conditions (reversals 
every 15 to 20 minutes) and for normal masonry, 
the regenerator must be regarded as frequently 
reversing. 

Considered from this point of view, the 
regenerator is by far not such an efficient heat 
economising arrangement as it is usually supposed 
to be. It seems that its efficiency is physically 
limited to the upper limit of 50 per cent. Any 
effort based on the supposition of higher effi- 
ciencies must lead to a failure. 

My studies were based on an analysis of 
operation of real service regenerators. I had 
intention to carry out this year exact tests on 
regenerators in service to explain some cir- 
cumstances, which are not yet quite clear up to 
now, especially the temperature distribution 
along the masonry. Unfortunately some tech- 
nical difficulties delayed the execution of these 
tests. 

I would like to draw your attention to the 
fact that in most installations—I should like to 
say on any furnace in good condition—the 
temperature measured with a normal clad 
thermocouple at the bottom of the regenerator 
chambers during the heating period is lower 
than in the flue. 

This may seem paradoxical, but there is a 
very simple explanation. 

The current analysis of the function of regen- 
erators, based on measurements, in most cases 
does not respect several very important facts: 

(1) The temperature of the gas is not equal 
to that of the masonry; it may differ by hundreds 


Continued on next page 
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of degrees. 

(2) A normal clad thermocouple does not 
measure the gas temperature, nor the tem- 
perature of the masonry, but it forms an indepen- 
dent regenerative element of its own. 

(3) To study the real function of a regenerator, 
some method must be used that makes it possible 
to measure the real temperature of the gas, 
uninfluenced by the radiation of the masonry. 
Such methods stand to our disposal. Suction 
pyrometers are not suitable for this purpose 
because of their high heat inertia. 

I shall be glad if you take interest in my 
remarks. I am ready to give further particulars 
to anybody interested in the theoretical, practical 
or experimental aspect of the matter. 

Yours faithfully, 
JINDRICH SPAL. 
KoSice, Komenského 26/06, 
katedra peci a hutnickej energetiky, 
Czechoslovakia. 


PLUMBING HISTORY 


Sir, We are about to produce a history of our 
firm which was founded in 1872 as general 
plumbing, sanitary, heating and _ ventilating 
engineers. This history will, we hope, be of 
interest not only to ourselves and our customers 
past and present, but also to many other people 
who are engaged in our trade and in association 
with it. 

Unfortunately, most of our old records were 
destroyed by enemy action during the war. 
We should, therefore, be very grateful for the 
loan of any material—correspondence, catalogues 
etc.—which would assist us in our task. All 
material loaned to us would be treated with the 
greatest care and returned after copying. 

Yours faithfully, 
T. S. MASTERS. 
Smeaton and Sons Limited, 
40-43 Chancery Lane, 
London, W.C.2. 
10 December, 1958. 


VETERAN CARS 


Sir, As you know, the late F. R. Simms who 
founded not only this company but also the 
Society of Motor Manufacturers and Traders 
and the Royal Automobile Club, was virtually 
the father of the British motor industry. 

In 1891, at the age of 28, he concluded an 
agreement with Gottlieb Daimler by which he 
acquired the selling rights of the Daimler 
patents for all countries except Canada. It was 
the outcome of this agreement which really 
sparked off an interest in motoring in Britain. 
In 1901, Simms began the manufacture of 
Simms-Welbeck commercial vehicles; also 
making a limited number of private cars. 

Today, this company is anxious to create a 
museum worthy to commemorate the important 
work accomplished by its founder, but all 
efforts to obtain a Simms-Welbeck car have so 


Plant and Equipment 


FILTERS AND DUCTING 


HE Rolls-Royce test plant at the Sinfin works 
(ENGNG 3 October page 444 and 10 October 
page 476) involves the use of enormous quantities 
of air—over 700,000 cu. ft per min. One of the 
requirements of this air is that it shall be free 
from dust and other foreign matter that might 
damage the plant or the engines under test, or 
which might cause fouling of the ducting. A 
system of filters has therefore been installed to 
handle the air at the intake. They are the 
largest group of Preciptron electrostatic filters 
yet made in this country by the Sturtevant 
Engineering Company Limited, of Southern 
House, Cannon Street, London, E.C.4. Brief 
mention of these filters was made in the article 
referred to above, but more details have recently 
become available. 

There are three sets of filters handling in all 
704,000 cu. ft per min. at a design efficiency of 
85 per cent by blackness test; the first supplies 
the main compressor system in the exhauster 
building, and handles about 320,000 cu. ft per 
min, the second feeds the compressor circuit in 
the input building and handles 160,000 cu. ft per 
min, and the third is capable of supplying 
224,000 cu. ft per min directly to the engine 
under test. The largest of the three, which 
measures 45 ft wide by 18 ft high and has walk- 
ways at the 6ft and 12 ft levels, is shown in 
Fig. 1. For convenience, the plant is divided 
into five sections with each section receiving its 
electrical supply from a separate source. This 
allows any one section to be shut down without 
interfering with the operation of the others. 
The access doors have interlocks to prevent the 
entry of personnel while the current is on. 

The corrosive nature of the dust necessitated 
the use of high-grade aluminium alloys with 
stainless steel and porcelain for the auxiliary 
items. The ioniser section consists of a number 
of relatively fine wires charged at 13,000V and 
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suspended between tubes at earth potential, 
After the ioniser section is the collector assembly 
of flat plates with the positive plates charged 
at 6,000V. Between each pair of positive plates 
is another which is at earth potential. The power 
required for operating the first section of the 
plant is about 34 kW, equivalent to about 11W 
for each 1,000 cu. ft of filtered air. 

The duct work through which this air (and 
the exhaust gases) circulates was constructed 
by G. A. Harvey and Company (London) 
Limited, Woolwich Road, London, S.E.8. As 
mentioned in the earlier descriptions of the 
whole plant, it is made of stainless steel in 
those sections subject to extreme temperatures, 
Furthermore, the sections outdoors (perhaps the 
greater part of the whole length) are also subject 
to atmospheric attack. For the low tempera- 
tures, as at the mixing chamber prior to the 
engine intake, austenitic stainless steel was used: 
this particular item was 34 ft long and weighed 
20 tons. In order to reduce the load transmitted 
to the associated machines the unit had to be 
given freedom to more vertically and horizont- 
ally: Vokes Gensprings and control linkages 
were used to solve the problem. The stainless 
steel distribution manifold which feeds both test 
cells and the compressor rig is shown in Fig. 3 
being machined at the maker’s works. 

The actual engine test cells (one is shown in 
Fig. 4 with a Conway being mounted in it) 
were made up in three parts which were separ- 
ately transported to the site. The first was the 
plenum chamber of 18/8 austenitic stainless 
steel; the second was the section in which the 
engine is mounted, and was made of Coltuf steel 
with an average thickness of 2in. This section 
has a door 20ft long and 12 ft 6in internal 
diameter (it follows the tubular shape of the cell) 
which involved considerable stress problems that 
were settled by making a model in Araldite B 





far failed. 

We beg the hospitality of your columns to 
offer a reward of £100 to any reader of your 
journal who may prove instrumental in enabling 
us to obtain such a vehicle, or, for that matter, 
even a bare chassis. 

Veteran car enthusiasts possess many contacts 
peculiarly their own. We hope that those who 
chance to read this letter will institute inquiries 
among their fellows. We shall be delighted to 
pay the reward. 

Yours faithfully, 
ALAN HEss, 
Public Relations Manager. 
Simms Motor and Electronics Corporation 
Limited, 
East Finchley, 
London, N.2. 
16 December, 1958. 


LECTURES ON ENGINEERING DESIGN 


Design—the critical approach to the design of 
machines and components—is to be the theme 
of the four Bulleid Memorial Lectures which 
are to be given on the four Thursday afternoons 
of next February in the Department of Mechani- 
cal Engineering at the University of Nottingham. 

The lectures are the first of a series to be given 
biennially at the University in the memory of 
Professor C. H. Bulleid, who occupied the 
Chair of Engineering at the University from 1912 
until his death in June, 1956. 

The titles and the authors of the inaugural 


lectures, collectively entitled “‘Some Modern 

Developments in Engineering Design,” are as 

follows: 

No. 1: A Critical Approach to Design in Mech- 
anical Engineering, by G. B. R. Feilden, 
M.A., M.I.Mech.E. 

No. 2: Advanced Developments in the Design 
of Diesel Engines, by R. J. Dain, M.A. 

No. 3: Developments in Industrial Gas Turbine 
Design, by W. Vickers, B.Sc., A.M.I.Mech.E., 
and, lastly, No. 4: Some Aspects of the 
Design of Components for Nuclear Power 


ILLUMINATING MANUSCRIPT 


Sir, The article in the 26 September issue of 
your journal on the flow of heat from a domestic 
open fire has been read with interest. 

The writer has recently completed a study of 
the influence of wick design on the illumination 
patterns of oil-burning reading lamps, which he 
trusts will make a contribution of no less value 
to the progress of domestic lighting. 

Yours very truly, 
H. SUTCLIFFE. 
867 Spring Drive, 
Mill Valley, 
California, USA. 

Editor’s Note: Naturally we shall be glad to con- 
sider Mr. Sutcliffe’s manuscript, though, subject as 
we are to such primitive conditions of heating and 
illumination, we may miss his finer points. 


Plants, delivered by Dr. M. D. Wood, M.A., 

A.M.I.Mech.E. 

The lectures will be preprinted and will be 
available about 10 days before the first lecture 
for the price of two guineas. The arrangements 
already made will allow for full discussion after 
each lecture. 

Fuller details, and a synopsis of the lectures, 
are to be had from the Organising Secretary, 


Bulleid Memorial Lectures, Department of 
Mechanical Engineering, University of Not- 
tingham. 
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Fig, 3 


and subjecting it to photo-elastic study. The 
third was the exhaust section, also of Coltuf but 
only 1 in thick on the average. This last section 
carries two heavy trunnions which transmit the 
thrust (up to 350 tons) to the cell foundaticns. 
These trunnions also form the fixed point from 
these 


which thermal movements take place: 





amount to 44 in over the full temperature range. 

To give flexibility in the main sections of the 
ducting, Viking-Johnson type couplings weée 
employed. It was not, however, possible to 
use them in the low temperature sections as only 
metal could withstand the conditions there. 
Consequently flexibility was imparted by using 
austenitic stainless steel bellows of 48 in and 
60 in diameter. All the sections of the ducting 
were fabricated by welding, various methods 
being employed according to the service required. 
All joints whether made in the shop or on site 
were inspected radiographically. 

To enable staff to enter the test cells as soon 
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as possible after the completion of the test, 
large volumes of purging air are blown through 
the cell. This air is provided by a plenum 
plant built by the Norris Warming Company 
Limited, Burley House, Theobalds Road, Lon- 
don, W.C.1. The plant consists of a centrifugal 
fan drawing air through a hair type filter and a 


Fig. 1 Precipitron 
filters clean the air; 
the largest block 
measures 45 ft wide 
by 18 ft high and 
can handle 320,000 
cu. ft of air per min. 


Fig. 2 One of the 
units in the filter bank. 


steam heater, and delivering it through adjustable 
grills to the working areas. The fan has two 
speeds, the higher being used when both working 
areas are in use at the same time; isolating 
dampers cut off the supply to an area not in use. 
The heater battery is under thermostatic control 
of the fully modulating type. 

The same firm have also fitted the heating 
system for the exhauster and the input buildings. 
It consists of re-circulating heaters using satur- 
ated steam at 1201b per sq. in maximum and 
working normally at 901b per sq. in. Room 
thermostats control the motors to maintain a 
temperature of 60° F. 


Stainless steel had to be used for the duct work 
in the low temperature areas; here the distribution 
manifold is being machined at the-maker’s works. 









FOR GAS TURBINE TEST PLANT 





Since the duct work is subject to large tem- 
perature changes and a major part of it is exposed 
to the atmosphere, particular care was needed in 
the painting. The painting sub-contractors, 
T. and G. Saxton, Mansfield Woodhouse, Mans- 
field, Notts., co-operated with the Technical 
Service department of Joseph Mason and Com- 
pany Limited, Nottingham Road, Derby, the 
suppliers of the priming paint for the under- 
ground steelwork, to seek a solution. Rust 
was cleaned from the erected ducting by a 
solution and by scrubbing, and Masopar cal- 
cium plumbate primer was applied. This is a 
synthetic-based material with rust inhibiting 
properties. A bright aluminium paint was used 
to finish. The coolers presented a more difficult 
problem, and for them a non-air drying alkyd 
type complex developed by the firm was em- 
ployed, with an aluminium pigment. For the 
machines and interior work Masopar emulsions 
and synthetic enamels were used. [In all about 
3,000 gallons of paint were used. 





Fig. 4 The curved door of the test cell 
itself involved some stress problems that were 
solved by use of a photoelastic model technique. 








Companies in the News 


Smith’s Wide World 


The sphere of operations of S. Smith and Sons 
(England) Limited, is ‘“‘ the wide world,” said 
their chairman, Mr. Ralph Gordon-Smith, at 
the company’s annual general meeting. His 
review referred to remarkable achievements and 
developments by this dynamic group of com- 
panies in what has been a year of considerable 
expansion. Both sales and trading profits 
have increased substantially, the former by 23 per 
cent and the latter by 19 per cent. Prospects are 
considered fair to good. The company are 
budgeting for a small increase in sales during 
the current year mainly in the expectation that 
demand from the motor and aircraft industries 
will continue at about the same high level and 
that there will be some increase in the demand for 
their newer products, such as trunk telephone 
charging meters, oil-burning heating systems 
and a range of magnetic couplings. 

The group are in the process of co-ordinating 
the activities of their companies under operational 
divisions. For example, the aviation and other 
activities of Kelvin and Hughes Limited are 
being co-ordinated with the aviation activities 
of Smiths in the “‘ Smiths Aviation and Marine 
Divisions.” There is also an attempt being 
made “‘ to make Smiths a name with a world of 
meaning, not only to those of our customers who 
know us well, but also from the world at large, 
in which there are few people who do not in 
some way derive benefit from the things we 
make.” The group have decided to publicise 
their activities widely through the medium of the 
Press, in a way designed ‘‘ to marry the diversity 
of our products to the singularity of our name.” 

Expansion will continue during the current 
year, when capital expenditure on fixed assets is 
estimated at £2-4 million. The major part of this 
will be spent on the completion of a three-year 
programme for expanding production facilities 
at the London, Witney and Cheltenham factories. 
Technically, perhaps, the most interesting devel- 
opment is that of a fully automatic gearbox for 
cars incorporating the Smiths magnetic coupling, 
for which the group claim “the efficiency 
of the orthodox gearbox,” which makes the 
new transmission suitable for the typical Euro- 
pean small-engined family motor car. 


TI and BA 


The ordinary stockholders of the British Alu- 
minium Company have received Tube Invest- 
ment’s offer for their stock. (See ENGINEERING, 
5 December, page 727 and 12 December, 
page 756.) It is on the basis of £1 ordinary 
share in TI plus 78s in cash for every £2 ordinary 
stock of BA, and covers £8-42 million of BA’s 
ordinary capital—representing the whole of the 
£9 million issued ordinary, other than that 
already owned by TI. In an accompanying 
letter, Sir Ivan Stedeford, chairman of TI, 
points out that the offer would mean a 32 per 
cent capital gain over the middle market price 
for BA ordinary stock (price at 24 November 
when TI’s original offer was made known) for 
shareholders who accept. They would also get, 
he said, an increase in income of over 45 per cent. 

TI’s offer is certainly attractive in the short 
term. Whether TI would, in fact, be buying 
“*a powerful empire at a price of a small king- 
dom,” as BA’s chairman, Lord Portal, has said, 
could well be, but this would depend wholly 
on the long-term prospects of BA. Quite 
obviously, neither TI nor Alcoa would be 
prepared to invest to the vast extent necessary 
to acquire control unle s they believed BA to be 
capable of considerable development. Neither 
would consider the investment unless fully 
prepared to finance its development and back it 
with their technical resources. The suggestion 


that TI and Reynolds are prepared to invest 
£9 million in order to eliminate competition is 
too ludicrous to be entertained. 


Nor is the 





question of control passing from British to 
United States hands very relevant. Clearly, 
one-third holding, plus substantial additional 
finance, would give Alcoa effective control and 
the sums involved are far too large for them to 
guarantee a British board complete freedom. 
In TI’s case, Reynolds would obviously exercise 
a major influence on policy, even if their holding 
in the company is 49 per cent to TI’s 51 per cent. 

The whole issue probably hinges on two main 
points. First, which is the better company to 
assist BA’s development—Alcoa or Reynolds? 
They are respectively number one and number 
two in the United States aluminium industry. 
The balance of informed opinion appears to 
favour Alcoa. On the other hand, of all the 
leading world aluminium interests, Reynolds 
only are maintaining their profitability at the 
present time. 

Second, BA shareholders, who presumably 
bought their shares “‘ to be in aluminium” are 
taken right out of aluminium by TI’s offer. 
They are given in its place a stake in a steel 
empire with substantial aluminium interests, 
but aluminium no longer predominates. Their 
risk would therefore be more widely spread and 
earnings (four times covered compared with 
twice in BA’s case) would appear to be more 
secure and at a higher level. Shareholders have 
a difficult choice indeed. 


Top People in Machine Tools 


The two men who have taken over the leadership 
of Alfred Herbert Limited, Colonel C. W. Clark 
and Mr. J. C. Blair, together combine the best 
part of a century’s service with the company. 
Mr. D. M. Gimson, A.C.A., who was appointed 
chairman on the death of Sir Alfred Herbert in 
May, 1957, has resigned from the chair, but will 
continue as a director. Colonel Clark has been 
appointed in Mr. Gimson’s place, and Mr. Blair 
becomes deputy chairman. Both will continue 
as joint managing directors. 

Colonel Clark started as an apprentice in the 
original works at Coventry, became a director 
in 1934 and has for many years been responsible 
in a large measure for the administration of the 
company’s business. For ten years he was 
chairman of the manufacturers’ section committee 
of the Machine Tool Trades Association and is a 
member of the Board of Trade Machine Tool 
Advisory Council. 

Mr. Blair, who is chairman of Heald Machines 
Limited, Birmingham, served his apprenticeship 
in Glasgow and joined Alfred Herbert’s 45 years 
ago, and was appointed to the board in 1930. 
He served as deputy controller general of machine 
tools during the war and has built up an intimate 
knowledge of the industry, particularly in the 
United States and Canada. 


Ties of Common Interest 


The trend towards international co-operation in 
world markets is gathering momentum as com- 
petition increases. Among the latest moves 
involving British companies are agreements 
between Rolls-Royce and the International Har- 
vester Company of Canada, between Newton 
Chambers Company and Gottfried Bischoff, 
A.G., of Essen, and, in Canada, the pooling of 
resources by EMI and A. C. Cossor in an effort 
to develop the Canadian market for electronic 
engineering products. 

The agreement between Rolls-Royce and Inter- 
national Harvester is a triumph by the British 
company over the leading makers of heavy diesel 
engines in the United States. All heavy-duty 
diesel trucks manufactured by Harvester at their 
Hamilton (Ontario) plant will, in future, be 
powered by Rolls-Royce engines. Complete 
units and parts manufactured by the Rolls- 
Royce oil-engine division at Shrewsbury will be 
shipped to Hamilton for assembly into a new line 
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of trucks, which includes seven mode's of the 
IH range. Production is expected to begin jn 
the New Year. 

EMI and Cossor are forming a new -ompany 
in Canada, based in Cossor’s existing subsidiary 
Cossor (Canada), who have had ten years’ experi. 
ence of Canadian market requirements and have 
built up a substantial business in the fields of 
defence, communications and technical instry- 
mentation. EMI are to subscribe further 
capital. This will give them a controlling 
interest in the Canadian company, which will be 
known as EMI-Cossor Electronics. A new 
factory is under construction and their staff wil] 
be augmented and strengthened “as may prove 
to be necessary in view of the large new com- 
mercial programme envisaged.” 

The agreement between Newton Chambers 
and Gottfried Bischoff was described by the 
British company as “ long-term ”’ and “ of con- 
siderable importance and interest to the British 
gas, chemical, steel and other industries,” 
Newton Chambers: are undertaking the sales, 
manufacture and installation of the whole range 
of Bischoff’s products in the United Kingdom 
and the Republic of Ireland. The main benefits 
are likely to accrue from the German company’s 
leading position in total purification methods, 
which require high-pressure gas_ purification 
plants and new types of by-product plant. The 
agreement also covers gas-cleaning plant for 
blast furnaces and producer gas, and a wide 
range of by-product and chemical plant, includ- 
ing plants for gas scrubbers, organic sulphur and 
napthalene removal, nitric oxide elimination, gas 
drying and processing, distillation, solvent 
recovery and a complete range of water cooling 
towers. 


Cycling Uphill 


The crisis that has affected the cycle industry 
over the past year is fully reflected in the earnings 
of Raleigh Industries Limited, the industry’s 
leaders. Trading profits were almost halved, 
from £1-6 million to £0-8 million, and turnover 
was down by some 5 per cent. In his annual 
statement the company’s chairman, Mr. George 
Wilson, considers ** what degree of permanency 
is to be attached to the present recession in the 
bicycle trade.’ His conclusion is that the 
demand for pedal cycles in this country is unlikely 
ever again to equal the pre-war level, or show 
any substantial increase until the purchase tax is 
removed. Abroad, however, he can see the 
position ‘* very diffierently.”’ In large active ter- 
ritories, the bicycle is the first form of personal 
transport and demand is therefore likely to be 
large and to expand further. Raleigh export 
70 per cent of their output. It must be realised, 
warns Mr. Wilson, that export markets are 
exposed to influences quite outside a company’s 
control, such as measures designed to economise 
foreign exchange, sustained falls in the demand 
and prices of commodities, policies of building 
up local industry, and so on. 

Clearly all is not what it was in pedal-cycle 
manufacturing, even for a very large, outstand- 
ingly efficient manufacturer such as Raleigh. 
Even though they may still expand exports, 
they must look to other products to sustain the 
growth of the company. The Moped may pro- 
vide at least some of this. Introduced towards 
the end of the financial year, it has been very well 
received, and Mr. Wilson feels that it has a bright 
future—‘ provided the existing regulations on 
licences and driving tests are eased.”’ As in so 
many other fields, official policy makes the home 
market wholly different from those overseas, 
particularly on the Continent of Europe, where 
the Moped is in law a pedal cycle and subject to 
no special restrictions. 

The cash position of Raleigh Industries is 
immensely strong. Net assets at 31 July totalled 
nearly £14 million. It is becoming evident that 
the vast expansion of their capacity to make 
pedal cycles was a mistake. Any surplus capa- 
city, said Mr. Wilson, “* will be reviewed from all 
aspects, including the desirability of broadening 
the base of our manufactures.” 
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The Human Element 


More Mouths to Feed 


Over one thousand million babies have been 
born into this world since the United Nations 
International Children’s Emergency Fund 
(UNICEF) was established on 11 December 
1946. A very large but unspecified number have 
died before they were one year old. UNICEF 
describe the 12 years following the war as years 
of food shortage, reconstruction and recovery 
but even now privation and disease are only too 
prevalent in many countries. This is the justifi- 
cation for UNICEF’s continuing existence. 

The Fund’s activities have passed through 
three stages. First, emergency relief, mainly in 
war devastated Europe; second, the same 
emergency relief in other areas; and third the 
assistance of needy children, mostly in economic- 
ally underdeveloped areas. UNICEF estimate 
that no less than 600,000 children in these areas 
need help “to ensure them happy, healthy 
childhoods, protected against hunger, disease 
and ignorance.” Apart from emergency relief 
in the early years of its existence, UNICEF has 
supplied equipment for over 19,000 centres 
providing maternal and child health and welfare 
services in 62 countries. 

Seen in its world context, the help provided 
by UNICEF is woefully inadequate. Its resources 
have risen to £8 million in 1958, mainly contri- 
buted by 85 governments. It needs many times 
that figure to make an impact on the vast prob- 
lems awaiting to be tackled. The British 
Government contribute £235,000 a year, about 
3 per cent of the Fund’s income. 


Food for Hungry Mouths 


One of the problems facing those trying to 
raise the nutritional level in underdeveloped 
countries has been the difficulty of finding a 
way of improving the nutritional value of cereals 
In many tropical areas there is a high level of 
consumption of cereals but a low intake of, 
especially, amino acids. 

In the past, the way to tackle this has been 
to try and raise the consumption of meat and 
fish. It has been found that this is both an 
expensive solution and presents hygiene diffi- 
culties. A better way, it has been agreed, would 
be to raise the nutritional content of food through 
the large bulk of cereals which are locally 
available and which already form a major 
part of the local diet. 

Dr. Stare, the nutritionist, informed the Ameri- 
can Chemical Society that there are no longer 
any technical reasons why countries with low per 
capita incomes should not have as good a diet 
as those with high incomes. When wheat or 
millet (to take two common examples of a basic 
cereal diet) is supplemented with a small amount 
of pure lysine, or amino acid, these proteins 
become as nutritionally complete as the proteins 
in meat, fish, eggs or milk and in the United 
States it has been announced by E. I. du Pont 
de Nemours that amino acids are now available 
at an economic cost. This knowledge intelli- 
gently applied could be a greater contribution 
to human welfare in 1958 than all the news 
about sputniks and outer space. 


Career Shop Window 


The sight of a publication put out by the Engi- 
neering Institute of Canada raises an old issue. 
The Institute has published its 1958-59 edition 
of Engineering Careers in Canada, which is a 
compendium of information for youngsters in 
their middle *teens about openings in the Cana- 
dian engineering industry. It contains a great if 
rather haphazard proliferation of information. 

It also raises the question once more as to 





whether there should be some sort of similar 
venture in this country under the right auspices. 
It is true that there is a very wide range of 
engineering careers available in the United 
Kingdom and that at the present time they are 
to some extent competing with one another for 
recruits. But they have a great deal in common 
and if they were to get the essentials within 
one volume laid out in some pattern so that 
those reading could make quick comparisons, 
much time might be saved and quite a number 
of young round pegs might avoid getting into 
some very old square holes. 


Work for Fewer Hands 


Unemployment rose by 22,000 between 13 
October and 17 November, the number of 
registered ‘‘ wholly unemployed” rising by 
32,000 and the “temporarily stopped ” falling 
by 10,000. Expressed as a proportion of the 
estimated number of employees, unemployment 
in November was 2:4 per cent compared with 
2-3 per cent in October and 1-5 per cent in 
November last year. The more disturbing 
feature of these figures is the high proportion— 
nearly half—of the total unemployed who have 
been out of a job for over two months. At 
mid-November they numbered 238,000 and the 
number was rising fast. 

The statistics issued by the Ministry of Labour 
are beginning to reflect the true position in 
industry, though many firms are still hanging 
on to labour—particularly skilled men—in the 
hope of an early upturn in business activity. 
A number of them may declare redundancies in 
the New Year unless some positive improvement 
—on the whole unlikely—has taken place. 
Employment in the engineering industries fell 
by 3,000 during October and in vehicle manu- 
facture (including aircraft) by 2,000. The 
numbers employed in the metal, vehicle and 
engineering industries at the end of October was 
127,000 lower than a year previously. It would 
be reasonable to expect a further large decrease, 
perhaps of similar magnitude during the early 
months of next year. 

In considering the situation it should be 
borne in mind that, in terms of industrial 
activity, further increases in unemployment 
would not necessarily mean a worsening of the 
position. Current production and order intake 
figures suggest a 4 to 5 per cent fall compared 
with the 1957 level. In fact unemployment 
may well increase, to around half a million, 
while manufacturing firms improve their order 
books and before industrial activity resumes at 
near full capacity in the spring. 


Pattern of Employment 


The changes now taking place in the composition 
of Britain’s labour force, in its organisation and 
in the manner of its remuneration were under- 
lined and discussed by Mr. S. C. Hills in a paper 
read to the recent National Conference of the 
BIM. ‘ Good industrial relations,” said Mr. 
Hills, ** will always follow good human relations.” 
The impact of industrial change on society was 
the underlying theme of this thoughtful paper. 
First, and most basic, is the gradual increase 
in black-coat workers. In the United States 
they have overtaken in numbers the industrial 
workers in less than two decades, and there is 
evidence of a similar trend in this country. 
Second, the relative importance of various 
industries as employers of wage earners is 
changing more rapidly than at any time this 
century. It is therefore becoming increasingly 
important to have a mobile labour force. 
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A change which he did not emphasise is the 
increasing tendency to use expensive machinery, 
which must be operated round the clock. The 
shift worker, whether black-coated, in control 
rooms, machine operator or maintenance engi- 
neer, is likely to be a feature of the generations 


to come. Finally, there is the change brought 
about by advances in production processes. The 
ratio of skilled to semi-skilled and unskilled is 
increasing, and the pace of the change is growing. 

On the subject of wages and industrial relations, 
Mr. Hills forecast gradual changes towards 
more uniformity but he rejected wholly the 
suggestion of a national wages policy; such a 
course is quite impossible, he said “if we are to 
preserve the democratic nature of our industrial 
society.” So long as prices and profits are 
determined by the conditions of the market, he 
argued, so long will it be necessary to accept 
freedom in negotiation. 

The growth of general unions, however, each 
covering a wide range of industries, and the 
parallel growth of large craft unions, is tending 
to bring parity in basic wages and to promote 
uniformity. Another factor is the increasing 
influence of joint industrial councils which 
provide a common industry-wide “ platform ” 
for settling differences and formulating policy. 


Cases of Suggestion 


The Industrial Welfare Society have made great 
efforts to publicise the merits of the suggestion 
box in the factory. The latest effort is an 
exceedingly informative booklet called Successful 
Suggestion Schemes which is issued as a guide to 
current practice. It will be invaluable to those 
concerns which are thinking of starting such 
boxes or who want to know how other people 
operate theirs. 

The degree of success (measured as the number 
of suggestions per so many employees) varies 
enormously. It ranges from 150 ideas from 100 
employees in one company to 5 per 100 em- 
ployees in the most successful Government 
department. It is of interest that among the 
20 best schemes listed, 7 are in engineering con- 
cerns and 6 in chemicals—industries which are 
at the forefront of expansion. The merit of the 
material is that most of it comes from actual 
schemes. There is much useful statistical in- 
formation on sizes of awards—paying too little 
or paying too much and lack of positive manage- 
ment support may have been the principle reasons 
for the high casualty rate that such schemes have 
suffered. 


Saving by Spending 


The recent conference on work study in Ulster 
has once more drawn attention to the problem 
which exists in introducing such techniques 
where funds are limited and where administra- 
tion is by tradition cheese-paring rather than 
economical. Much has been said and written 
about work study in the hospital service as a 
means of raising the productivity of staff— 
especially lay and non-professional staff. Few 
have been so bold as to say outright that work 
study should get into the wards. Industrial con- 
sultants have made impressive reports on savings 
which can be made in porters’ time, kitchen 
staff and the like if they are given up-to-date 
equipment and if a study is made of the condi- 
tions of their work. But the reporting is far 
ahead of implementation. 

The reason is that it is difficult to make im- 
provements without spending some money as a 
start—even if big savings are to follow in the 
near future. There are powerful interests in 
the hospital world who would view with dis- 
favour the spending of money on administrative 
staff or on kitchen equipment which in their 
view would be better expended in the wards, 
clinics and operating theatres. If work study 


is to make headway in the hospitals it will have 
to be lean of establishment and quick in its 
results. 
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N 1912 Sir John Townsend showed theoretic- 
ally that the rate of diffusion of charged 
particles across a magnetic field is inversely 
proportional to the square of the magnetic field 
strength. Later, at Oxford, Professor V. A. 
Bailey confirmed this result experimentally for 
the case of an extremely low density cloud of 
diffusing electrons. All the fusion devices 


Survey of 
Fusion Devices 


discussed at Geneva rely on this supposed ability 
of a magnetic field to reduce the lateral diffusion 
of charged particles and so to isolate a fully 
ionised gas or plasma at thermonuclear tempera- 
tures from material walls. The word supposed 
is used advisedly, since there is now a growing 
suspicion that the theory of Townsend is not valid 
when applied to high density plasmas. The 
theory is based on a model in which particles 
interact with each other through collisions and 
it is probable that in plasma other forms of 
interaction are possible. As an example plasma 
waves or density fluctuations, with their associ- 
ated electric fields may well cause an increase 
in the diffusion rate across a magnetic field. 
Under the general heading of “ co-operative 
phenomena ” such interactions have long been a 
fruitful field for theoretical physicists, but few 
experiments have been done. Many of the 
difficulties with present fusion devices are cur- 
rently attributed to co-operative phenomena, 
although in most cases there is no definite proof 
that more familiar troubles such as hydro- 
magnetic instability and contamination of the 
plasma with impurities, have been overcome. 
Although in principle, a magnetic field reduces 
the flow of charged particles across it, the flow 
of particles along the magnetic field lines remains 
unhindered. Therefore in order to confine a 
hot plasma, either the magnetic lines must close 
within the containing vessel, or a means must be 
provided to prevent leakage along the lines. 


Pinch Effect 

_A large class of fusion devices use the prin- 
ciple of magnetic lines closed within the con- 
tainer. The simplest of these is the pinch or 
Zeta-type discharge. Here the magnetic field 
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is produced entirely by currents flowing in the 
gas (Fig. 1). The main British effort in the 
field of fusion research has been with such 
devices and more work has been done on this 
approach than any other. Since pinch devices 
were the subject of a separate review article, we 
will not dwell on them here. 


Stellarator 

Next in order of simplicity is the so called 
** Stellarator,” developed at Princeton, United 
States, by Professor Spitzer. The idea is to 
produce the required magnetic field using external 
coils, and the starting point is a toroidal solenoid 
(Fig. 2) producing closed field lines. Unfortun- 
ately such a magnetic field is inhomogeneous, it 
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Fig. 1 Pinch devices, in which the 
magnetic field is produced entirely 
by currents flowing in the gas, may 
employ straight or toroidal tubes. 


falls off in strength with distance from the 
axis of symmetry. More important the direc- 
tion of the inhomogeneity is such that charged 
particles, performing complex orbits, finally 
drift out to the outer wall of the container. To 
solve this problem the Princeton group devised 
the “‘ rotational transform.”’ In a simple torus 
the magnetic field lines are circles about the axis 
of symmetry. If the torus is distorted so that it 
no longer lies in a plane, then a single line of 
force, in going once round the machine, does 
not close up on itself. Fig. 3 represents a 
cross-section of the twisted torus, and the points 
1, 2, 3, etc., represent the successive intersections 
of the line of force circling the machine with the 
cross-sectional plane. The angle @ defined by 
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two successive intersections and the magnetic 
axis is defined as the rotational transform angle, 
It is clear that in this situation a particle can 
move from the “top” of the plasma (point A, 
Fig. 3) to the “ bottom ” (point B) by moving 
along a line of force. In this way the drifts 
produced by the inhomogeneity of the field can 
be cancelled by currents along the lines of force, 
These currents must be kept small so as not to 
distort seriously the vacuum magnetic field, 
Since the magnitude of the currents depends on 
the plasma density, this sets limits on the plasma 
density and energy that can be contained. The 
geometry used in most of the experiments to 
date is that of a torus twisted into a figure eight 
as indicated in Fig. 4. The reality of the rota- 
tional transform concept has been shown by 
using an electron beam which traces out the 
lines of force. Such a technique is used in the 
initial coil alignment process. 

Having shown that an equilibrium configura- 
tion can be obtained, that is to say that the plasma 
and magnetic pressure balance equations can 
be satisfied with the plasma well insulated from the 
wall, it is then necessary to consider the stability 
of this equilibrium. A large amount of work has 
been done on this problem by the theoretical 
group at Princeton. One conclusion is that to 
ensure stability the rotational transform angle @ 
should vary with the distance from the magnetic 
axis. When the transform is produced purely 
by geometric means, for example, in a figure 
eight, the transform angle is independent of this 
distance and the stability condition is not satis- 
fied. By means of an even number of wires, 
wound helically on the machine, and carrying 
currents in alternate directions (Fig. 5), transverse 
magnetic fields are produced in the volume such 
that a rotational transform angle which is a 
function of distance from the axis is produced. 
Since such windings by themselves produce the 
transform, geometric distortion is no longer 
necessary. Future stellarators will probably be 
in one plane and of race-track form. The straight 
sections are convenient for various heating 
operations which will be described later. Fig. 6 
shows models of figure-eight and race-track 
Stellarator devices and Fig. 7 the Stellarator B-3 

A Russian theoretical paper presented at the 
conference showed that the concept of geometric 
distortion of a simple torus to obtain an equili- 
brium was known to them, but they did not report 
any work on the stability of such systems. No 
experimental work on this approach was reported 
from Russia. 





GENEVA DISTILLATE 


Prolific in papers and enormous in scope, the Second International Conference 
on the Peaceful Uses of Atomic Energy can only assume its true significance 
when the information presented there has been thoroughly digested. 
Stage in this process, ENGINEERING has commissioned fourteen specialists to 
summarise the matter of the Conference under a number of subject headings. 
The process may be regarded as one of distillation, with concentrated fractions 


drawn off at various levels. The contributors have consolidated 


tion published during the Conference, selecting the essentials, reconciling the 
submissions of different authors and countries, and tabulating the most impor- 
As an introduction to the series, we published on 19 September 
The present series is 
being published at weekly intervals and will include thirteen articles in accord- 
ance with the table. The Conference was held in Geneva from | to 13 September. 
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Toroidal 
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Fig. 2 In the Stel- 
larator devices, the 
magnetic field is crea- 
ted by external coils. 
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U Fig. 4 Rotational transform may be achieved by 
H ~ Magnetic Field Lines I = Coil Currents twisting the containing torus into a figure eight. 
(836.8) “ENGINEERING 
Fig. 3 Cross-section 
ic of a Stellarator device 
e. employing rotational 
’ transform to prevent 
2 the charged particles a 
Is from drifting to ‘a 
4 the container walls. 
i 
4 
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Fig. 5 In the untwisted or race-track form of Stellarator 








rotational transform is accomplished using helical windings. 


(5836.c.) An even number of wires, four in this case, is required. 
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Fig. 7 B-3 Stellara- Fig. 8 Diverter, in which the outer field lines 
tor in operation at are forced out of the machine into a heavily 
pumped chamber, so as to prevent impurities 


Princeton University. : 
” from the walls reaching the hot central plasma. 
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Other ideas were reported by the Princeton 
group, which although designed for use with the 
Stellarator could, in principle, be applied to other 
types of fusion apparatus. The first is the 
“* diverter,” in which the outer lines of magnetic 
field are forced by subsidiary coils to loop out 
of the machine and to pass through a baffle in a 
heavily pumped side chamber (Fig. 8). The 
object is to prevent impurity atoms emitted from 
the wall reaching the hot plasma in the centre of 
the tube. After leaving the wall they are ionised 
by background electrons and are then constrained 
to move along the outer lines of force until they 
strike the .baffle where they are neutralised and 
pumped away. Experimental evidence was 
presented showing a reduction by an order of 
magnitude in the intensity of light from impurity 
atoms in the plasma when the diverter system 
was operating. 

There remains the problem of how to heat the 
plasma. The initial heating in experimental 
Stellarators is accomplished simply by passing a 
current round the machine, that is, ohmic heating. 
During this phase-there is some similarity with 
the toroidal pinch devices, but in Stellarators the 
magnetic fields produced by the heating current 
are very much smaller than the externally applied 
axial field. As the electron temperature rises 
so the conductivity of the plasma increases and 
consequently the rate of power input through 
ohmic heating decreases. It is estimated by the 
Princeton group that ohmic heating will not 
heat the plasma substantially above 10° °K 
because of this effect. To heat to higher temper- 
atures other methods are proposed. These consist 
of modulating the applied magnetic field in one 
local region of the machine. Depending on the 
frequency of modulation different heating modes 
are excited. These have been analysed in some 
detail theoretically but as yet they remain 
unproved in practice. 

Most of the present experimental work has 
been concerned with the initial ohmic heating 
stage. The time taken for the plasma to reach 
the walls has been observed to be several orders 
of magnitude shorter than the theory predicts, 
and moreover this time, instead of being propor- 
tional to the square of the magnetic field strength, 
appears to be proportional to the square root of 
that strength. 

A large Stellarator installation known as model 
C is nearing completion at Princeton. Costing 
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Arrangement of mag- 


netic field in mirror machine. 
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Fig. 9 In Astron, the ex- Coil 
ternal coil is first energised SOA = re : 1 
producing a uniform homo- 5) = pea 
geneous axial field (a) ; big ee ee ne a ee 
then a rotating cylinder ae cenckagaaaigain Seer asic 
of electrons known as the ____ PEGE TE RTA EE Te Sige Le : 
E-layer is built up; and SS es: 
finally the field inside is — <—$$_—_—_—____—_ ——___ 
reversed and a pattern of ee = = 
closed lines created (b). SOS 
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= P Coil 
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about £10 million it is —" ( ——————S5 ——- 
expected to begin opera- as) — ee — 
tion early in 1960. 1,500 cei. Co 
megajoules of energy ee ee Cio eee) 
are stored in rotating See ¥ © 4 
machinery, 600 MJ be- ee i 
ing taken out in a time C XXSXSXTSSSSSSSSS SSS j 
of the order 3 sec. This E Layer" of 


will be used to provide 
an axial magnetic field 
of 50 kilogauss in the 
model C machine which will be 20cm bore 
and of race-track form. The production of a 
field of this strength poses severe structural 
problems since the bursting forces on the coil 
are equivalent to a pressure of about 100 atmos- 
pheres. Helical windings will be used to provide 
the rotational transform. Various megajoule 
condenser banks will supply the energy for 
heating the plasma. Four-fifths of the cost of 
the installation is for power supplies and energy 
storage, and so it is regarded as a major research 
facility for Stellarator development. 
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Astron 


Another fusion device using the principle of 
closed magnetic lines is the Astron proposed 
by N. C. Christofilos of the Livermore labora- 
tory in the United States. Here the pattern 
of lines is produced by the combination of the 
currents in an external solenoid and those in a 
cylindrical sheet of rotating relativistic electrons. 
The sequence of events is that first the external 
coil is energised, producing a uniform homo- 
geneous axial field as shown in Fig. 9 (a). Then 
using a pulsed high-current source of high-energy 
electrons and travelling magnetic wave injection 
the rotating cylinder of electrons called the 
E-layer is built up. The current in the E-layer 
reduces the axial field inside it, and finally when 
there are enough electrons circulating in the layer 
the field inside is reversed and a pattern of closed 
lines is created as indicated in Fig.9 (5). Neutral 
fuel gas is now admitted to the system, it is 
ionised and heated by the relativistic electrons 
and forms a hot plasma within the field pattern. 
The resulting diamagnetic currents in the plasma 
serve further to enhance this pattern. During 


Fig. 11 View of 
an experimental 
mirror machine 
at the  Univer- 
sity of California 
Radiation Labora- 
tory. Injected ions 
are trapped in the 
magnetic field. 


Fig. 12 Ion injec- 
tion mechanism em- 
ployed in DCX and 
OGRA. (See Fig. 15) 








Relativistic Electrons 
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each of the successive phases it is necessary to 
adjust the current in the external coil to maintain 
the required conditions. Since the outer mag- 
netic lines near the wall are not closed, diverter 
action for wall-emitted impurity atoms, as dis- 
cussed in connection with the Stellarator, is 
automatically provided in the Astron. The 
energy of the injected electrons in the layer is 
determined by stability and heating requirements 
and is estimated to be 50 MeV for a full-scale 
reactor. As a reactor the Astron is envisaged 
as a steady-state device with periodic replenish- 
ment of the E-layer and continuous injection of 
neutral fuel gas. Although a good deal of 
theoretical work has been done on the Astron, 
there are still doubts about the stability of the 
E-layer and of the plasma itself. Experimentally 
the present aim is to set up the layer with | MeV 
electrons. To date only the electron gun has 
been built and tested, this gives 60 amperes 
of 700 keV electrons in 0-5-usec pulses with 
good collimation. 


Mirror Machines 


Finally there are systems with magnetic lines 
which do not close within the volume. One 
way to prevent excessive loss of plasma along the 
lines of force is to make the field non-uniform 
(see Fig. 10). Now a charged particle spiralling 
about a line of magnetic force behaves in many 
respects like a small magnet with a magnetic 
moment. Thus when the particle is in an 
inhomogeneous magnetic field there is a force 
on it, in this case tending to move it to regions 
of weaker magnetic field. By making the field 
stronger at the ends of the machine, particles can 
be confined to the central region. The magnetic 
moment of a particle is proportional to its 
energy in the plane perpendicular to the magnetic 
field, thus particles with an excessive ratio of 
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Fig. 13 (left) Arrangement of DCX machine, with detail of chamber (above). 
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energy parallel to the field to perpendicular 


energy can escape. For example in the extreme 
case of a particle with a velocity parallel to the 
field there is nothing to hinder its escape along 
the field lines. Particles with velocity vectors 
outside a cone centred on the lines of force are 
contained. The semi-angle of the cone depends 
on the ratio of field strengths in the strong and 
weak regions. Through collisions the velocity 
vector of a particle is continually changing 
direction, so that there is a steady loss of particles 
due to the diffusion of their vectors into the loss 
cone. The strong field regions are called 
“magnetic mirrors’ by the Americans and 
“ adiabatic traps ” by the Russians. 

The scattering cross-section for Coulomb 
collisions is inversely proportional to the square 
of the temperature, and so because of the 
detrimental effect of collisions on plasma con- 
tainment, it is necessary to operate reactors based 
on this principle at temperatures ten times higher 
than in closed-line systems. 
rhe various devices using this principle that 
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Fig. 14 (right) View 
of the DCX machine 
at Oak Ridge, in which 
the injected ions are 
dissociated in a carbon 
arc and so retained 
in the magnetic trap. 


Fig. 15 (left) OGRA, 
a Soviet mirror mach- 
ine with ion injection. 


were discussed in Geneva differ in the means 
employed for the initial filling of the machine 
with plasma. The group from Livermore (US) 
under the direction of Dr. R. F. Post, have 
had most experimental experience with this 
approach, which they call the ‘* mirror machine.” 
In their experiments they injected blobs of low- 
temperature plasma into the volume and then 
increased the mirror field relatively quickly, 
compressing and heating the plasma. By this 
means they were able to demonstrate the stable 
confinement of small volumes of plasma with 
densities of the order 10'* ions per cu. cm, 
electron temperatures ~ 10® °K and ion tem- 
peratures ~107°K. The particles leaking 
through the mirrors were used in large part to 
derive information about the plasma in the 
machine. The small volume of the plasma 
obtained precluded the observation of truly 
thermonuclear neutrons. The quenching of the 


heating process by the addition of argon to the 
deuterium gas was beautifully shown using 
This effect is the result 


microwave techniques. 





1. Acceleratortube 13. Seal 23. Gate valve 
2. Deflection mag- 14. Vacuum lock 24. Nitrogen cold 
net 15. Cathode trap 
3. Beam trap 16. High vacuum 25. Heat barrier 
4. Heat barrier liner 26. Diffusion pump 
5. D,+ beam 17. Coil cooling 27. Fore pump 
6. Coil lines 28. Rough vacuum 
7. Baffle 18. Heating and pumps 
8. Water leads cooling tubes 29. Nitrogen trap 
9. Electrical lead 19. Liner seal 30. Alignment 
10. Nitrogen trap 20. Molecular ion 31. Adjustment 
11. High vacuum source 32. Anode 
pumps 21. Diffusion pump 33. Arc 
12. Kinney pump 22. Fore pump 34. Kinney pump 





of the increased power loss from the plasma by 
radiation from partially stripped argon atoms. 


Ion Injection and Trapping 


Another way of filling the magnetic “* bottle ” 
is to inject high-energy ions. In this way the 
heating problem is solved. Because of the con- 
servation laws, high-energy ions injected into 
a magnetic field will eventually return to the 
injector if the system is a static one. To prevent 
this a relevant parameter must be changed before 
the first injected ions return and the methods 
described at Geneva differ in the parameter 
changed and the means used. 

For example in one apparatus built by the 
Livermore Group the magnetic field strength is 
continually increased during the injection of 
10 keV deuterium ions. In this way a large 
fraction of the injected ions become trapped in 
the machine. To achieve plasmas with sub- 
stantial densities very high injector currents are 
required. Attempts by the Livermore group to 
achieve these currents with good beam collima~ 
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tion have so far been unsuccessful. However, 
they have been able to follow the orbits of single 
particles in the machine and to show that they 
agree with theory. One of the difficulties asso- 
ciated with high-energy injection is the process 
known as charge-exchange. A fast ion colliding 
with a neutral atom captures an electron and 
then, as a fast neutral particle, carries its energy 
to the wall of the vessel since it is unaffected 
by the magnetic field. To minimise the effect of 
this process, injection should be into the highest 
vacuum possible. The Livermore device is 
pumped down to pressures less than 10-* mm 
Hg. 
Other high-energy ion-injection systems use 
a change in the ratio of electric charge to mass 
of the ions to trap them, the magnetic field 
remaining constant. This is illustrated in Fig. 12. 
OGRA, shown on page 827, the very large 
Russian machine, is designed to utilise this prin- 
ciple. Basically this machine consists of a cylin- 
drical vacuum chamber 12 metres long and 
1-4 metres bore with external coils providing a 
main magnetic field of 5,000 gauss, increasing to 
8,000 in the mirrors or traps at eachend. A power 
input of 4 MW is required to maintain these 
fields. The chamber can be baked at 450° C 
for out-gassing and by the combination of 
mercury diffusion and ion-sorption titanium 
pumps it is hoped that a final pressure of 
10-§ mm Hg will be obtained. Molecular ions 
(H,+ or D.+) with energies up to 200 keV will 
be injected transversely into-the machine in such 
a manner that if they remained unchanged they 
would travel a distance of 1 km before returning 
to the injector. It is hoped that their dissocia- 
tion and consequent trapping in the machine will 
occur through collisions with the residual neutral 
gas. Balancing the favourable process of dissoci- 
ation against the unfavourable one of charge 
exchange, it can be shown that the build-up of 
plasma in the machine will only take place if 
the injector current exceeds certain critical 
values. It was claimed that for the OGRA 
machine these were 200 milliamperes for H,* 
ions, and 2 amperes for D,+. 

The main parts of the machine were made and 
tested at the Leningrad Electric Machinery 
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Fig. 16 Ina device at the 
University of California 
Radiation Laboratory, a 
rotating plasma is pro- 
duced by passing a high 
current radially through 


a_ low-density gas in 
the presence of aan 
axial . magnetic field. 


Both viscous and resis- 
tive effects cause heating. 


Factory. They were then sent to Moscow and 
installed in the Academy of Sciences Laboratory. 
An interesting feature is that very little work 
appears to have been done on smaller systems. 
Thus the construction of such a large device 
represents a considerable act of faith and opti- 
mism. As yet the machine has not been in 
operation but it is clear from the photographs 
and other reports that it is in an advanced state. 

The DCX machine, the arrangement of which 
is shown in Fig. 13, has been built at Oak Ridge 
in Tennessee and also uses the principle of high- 
energy molecular ion injection followed by 
dissociation. It differs from OGRA in that dis- 
sociation is achieved by passing the injected 
ions through a carbon arc column which is 
running longitudinally through the machine 
(Fig. 13 detail). The carbon electrodes themselves 
are in a subsidiary vacuum chamber with the arc 
column running through baffles into the main 
chamber. In this way it is hoped to stop the 
particles of incandescent carbon which ,con- 
tinually leave the electrodes from reaching the 
main chamber. The carbon arc used is not 
properly understood, but it is known that mole- 
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Torus Torus 
bore diameter ; 
Sweden .. 28 130 10° amp 
France .. 8 | 78 | 5-108 10" 
USSR 100 | 320 2-105 
UK 100 300 | 2-105 10" 
jus «| 14 | 70 | 3-108 5-10" 
US | 10 | 60 3-108 ,, 10'* 
UK a 30 | 110 7 4 10'° 
USSR ..| 48 | 125 2-105 4-10" 
Tube | Tube 
bore | length | : 
USSR 40 | 50 | ~10° 7-10"? 
Sweden 30 | 60 4-10° - 
Germany 20 50 4:10° ~10"* 
US — 10 | 30 | 8-10° 5-101? 
US 13 60 | 2-5-105 ~5-10'* 
US 15 600 | 7:10' ied 
UK 15 28 5-10° ~3-10!? 
| France 28 100 2-105 
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US ‘ 15 | 500 20 10'* 
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| 
US -| 100 1,000 1-6 10'* 
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| 
US | 50 so | 10 ,, 
USSR | 140 2,000 5 ” 
US 45 an 
US 15 100 | 10" 
US | 7 7 | 38 ~10"? 
| 
US 24 86 10 1014 
US 25 10 13 10'* 
| 
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No official data, but believed similar | 
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cular ions passing through the column are 
dissociated with efficiencies of greater than 70 per 


cent. The arc also acts as a powerful vacuum 
pump. Neutral atoms entering the column are 
ionised and carried along the lines of magnetic 
force into the subsidiary chamber. The main 
magnetic field is 10,000 gauss increasing to 20,000 
gauss in the mirrors at each end. Since the 
dissociation occurs in the arc column it is not 
necessary to provide for long molecular ion 
trajectories, and hence DCX is very much shorter 
and more compact than OGRA, as may be seen 
by comparing Figs. 14 and 15. As_ before 
the competing processes of dissociation and 
charge-exchange set limits on the injector 
current and the background gas pressure if a 
substantial plasma is to build up in the machine. 
At present 300 microamps of molecular ions is 
injected and the background gas pressure is 
10-7 mm Hg. It is estimated that an order of 
magnitude improvement in each of these figures 
is required before plasma formation can be 
achieved. With the existing apparatus the 
containment of single particles for 10 milliseconds 
has been demonstrated, the particles being finally 
lost through charge exchange. 
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Atomic Review 


High Temperature 


ESIGN study for a Canadian high-temperature 
ceramic-fuel gas-cooled reactor—Fuel ele- 
ments for high temperature operation. 


Canadian High Temperature Power Reactor 


Among the most promising reactors of the 
future is the high-temperature gas-cooled system 
burning a ceramic fuel and permitting the 
generation of high-quality steam. It is being 
studied in Britain, the United States and the 
Soviet Union, and now in addition a full-scale 











power reactor design study is reported from 
Canada. The significance of this report is 
underlined by the previous Canadian tradition 
of heavy-water cooled and moderated reactors. 
Designated the Daniels-Boyd Nuclear Steam 
Generator and similar in general features and 
in pressure-vessel size to the Hinkley Point 
station (see Atomic Review, 20 and 27 
Sept., 1957 and 14 March, 1958), it is shown in 
the illustration on this page and has recently 
been described in the Canadian periodical 

Modern Power and 

Engineering (Nov- 
f ember, 1958) by 
Mr. Winnet Boyd 
of Winnet Boyd 
Limited, Toronto. 
Various forms of 
ceramic - fuelled 
gas-cooled reactor 
and ceramic fuels 
have previously 
been discussed in 
Atomic Review, 


Arrangement of the 
400 MW _ Daniels- 
Boyd Nuclear 
Steam Generator, 
in which uranium 
monocarbide 
fuel is contain- 
ed in horizontal 
fuel channels. The 
control rods, of 
which there are 
120, are arranged 
vertically. Helium 
coolant is circu- 
lated through close- 
coupled _ vertical 
heat exchangers, 
as in the British 
nuclear _ Stations. 





Concluding Controlled Thermonuclear Reactions 


Rotating Plasma Devices 


In another class of systems the loss of particles 
along lines of magnetic field is prevented by 
causing the whole plasma to rotate. With a 
magnetic field of the mirror type, motion along 
the lines also involves motion towards the axis 
of symmetry, and this is opposed by centrifugal 
force if the plasma itself is rotating. Two 
systems of this type were described by workers 
from the Berkeley and Los Alamos laboratories 
in the United States. In both cases the rotation 
is achieved by applying a strong radial electric 
field between a central axial electrode and an 
outer ring. The behaviour of the whirling 
plasma is analegous to that of a Faraday disc or 
homopolar motor. In the present experiments 
the rotation has been measured, using the Doppler 
shift of line radiation, and shown to agree with 
theory. Apart from the containment of hot 
plasma these devices also have _ interesting 
possibilities for energy storage. In this respect 
they behave very much like condensers, but 
because of their very high rotational speeds they 
can store energy at much higher energy densities. 
Also, unlike conventional homopolar generators 
with material rotors, plasma homopolars can 
give up their energy extremely rapidly. The 
disadvantage is that at present, possibly due to 
electrode effects, high internal losses lead to 
self-discharge ”’ times of the order milliseconds. 


A rotating plasma device at UCRL is shown in 
Fig. 16. 


Conclusions 


The main details of the fusion devices described 
at Geneva are shown in the accompanying table. 
As can be seen there is no lack of ingenuity and 
diversity in the quest for thermonuclear power. 
In the United States particularly research is 
being carried out on a broad front. It seemed 
clear that Russian fusion efforts had slackened 
considerably in the period immediately before 
and after Kurchatov’s disclosures at Harwell, 
but that they had been increased during the last 
year. Traditionally the Russians have been in 
the forefront of university research on plasma 
and discharge physics and this undoubtedly 
strengthens their programme. 

The general conclusion following the Geneva 
conference is that the behaviour of fully ionised 
gases is more complex than accounted for by 
present theories, and that until a more basic 
understanding of their properties is obtained no 
major break-through in thermonuclear re- 
search can be expected. Whether it is necessary 
to build large and expensive devices to obtain 
this information is a matter of some controversy. 

(This article concludes the first group of reports 
on the Geneva Conference. The series will be 
resumed in the new year.) 






10 Jan., 7 March, 21 March, 8 Aug., 15 Aug., 
5 Sept., 3 Oct., 12 Dec. (1958), 17 May, 23 Aug., 


6 Dec., 27 Dec. (1957); and elsewhere in 
ENGINEERING, 12 Sept., p. 336 (1958), and 
30 Nov., p. 694 (1956). 

Mr. Boyd’s team first tackled the problem of 
uncanned ceramic fuel elements and the asso- 
ciated active circuit in the spring of 1957 with 
the backing of A. V. Roe Canada Limited. 
(The active circuit is the penalty of dispensing 
with fuel cans.) The core of the Daniels-Boyd 
Nuclear Steam Generator is of approximately 
cubic shape, is graphite moderated, cooled by 
helium, and fuelled with uranium monocarbide. 
The size chosen was the largest for which there 
was a precedent—the largest cube that could 
conveniently fit inside a 70 ft diameter sphere. 
The proposed operating temperatures are not 
given but a heat output of 1,200 MW and a 
gross electrical capacity of 460 MW is anticipated. 
The net output will be 400 MW. As can be 
seen from the sketch, page 830, the fuel channels 
are horizontal, though there is vertical flow 
of coolant. This arrangement has been adopted 
since the ceramic elements tend to be brittle 
and would present loading and support prob- 
lems if top charging were adopted. Another 
arrangement of ceramic fuel, that chosen for the 
British HTGC reactor project was illustrated on 
page 338 of our issue of 12 September (1958). 

As can be seen from the illustration, the 
moderator structure comprises three basic types 
of graphite block, providing horizontal through 
channels for the fuel elements arranged on an 
8in square lattice with a series of vertical 
sinuous passages through which the helium coolant 
flows upwards. At intervals of 32 in centres, 
the moderating blocks have large vertical holes 
to accommodate 120 vertical control rods. 
The core is prevented from collapsing outwards 
by a restraining structure secured to the inside 
of the spherical pressure vessel and locating 
against the vertical faces of the graphite body. 


Helium Cooled Power Reactor 


The USAEC has received a joint proposal 
from the Philadelphia Electric Company and 
High Temperature Reactor Development Asso- 
ciates, Inc., for the design, construction and 
operation of a prototype helium-cooled, graphite- 
moderated nuclear power plant. The proposal 
was submitted in response to a Commission 
invitation issued in September. No other pro- 
posals were received. The Philadelphia Electric 
Company proposal calls for a plant with a 
capacity of 30 to 40 MW (electrical) to be built 
on the utility system of the Philadelphia Electric 
Company. Prime contractor for the project 
would be the Bechtel Corporation as engineer- 
constructor. Sub-contractors would be General 
Atomic Division of General Dynamics Corpora- 
tion for the nuclear portion of the plant and 
Westinghouse Electric Corporation for the tur- 
bine and associated equipment. Construction 
of the plant would cost $24,500,000. In 
the proposal, General Atomic has requested 
$14,500,000 from the Atomic Energy Commission 
for research and development. 


Gaseous Fuel Reactor 


A reactor design has been described in 
Nucleonics using gaseous uranium hexafluoride 
(UF, ) as fuel. 


High Temperature Fuels 

The trend in nuclear reactors is toward higher 
temperature operation, and, since uranium and 
its lower alloys suffer a gross swelling at elevated 
temperatures due to the accumulation of fission 
gases, solid fuels in reactors of the future will 
utilise higher alloy content, or, alternatively, 
consist of uranium compounds. An exploratory 
programme is now in progress in the USAEC to 
study various compounds as potential high- 
temperature fuels. The materials being studied 
include uranium carbides, silicides, nitride, 
sulphide, beryllide, and others. It is too early 
to state which, if any, of these materials will 
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compare favourably with uranium dioxide 
(UO,), which appears to be the best high- 
temperature fuel at the present time. (E. 
Epremian, Division of Research, USAEC, as 
reported in Nuclear Science Abstracts.) 


Carbide Fuel Elements 


The success of uranium oxide fuels has 
encouraged the search for other materials 
combining the best characteristics of metal and 
oxide. Uranium monocarbide (UC) may possibly 
be a step in this direction, since it has excellent 
thermal conductivity; preliminary indications 
are that it may have good irradiation stability. 
Carbide may be an ideal material for use with 
liquid-metal or gas coolants; its resistance to 
corrosion in water is poor. Costs of fabrication 
should be similar to those of the oxide, once an 
equivalent amount of development has taken 
place. The UKAEA are said to be considering 
the use of uranium carbide in beryllium cans 
for future loadings in gas-cooled reactors. 
(Nuclear Technology Briefs—Reactor Materials, 
brief prepared for the USAEC by B. W. Dunning- 
ton of the Battelle Memorial Institute.) 


Dispersed Ceramic Fuels 


The oxides and carbides of Pu and U have 
been considered by the UKAEA for use as 
dispersed fuels; the dispersal mediums which 
have been examined are both ceramic and 
metallic. It has been concluded that unless 
metals of neutron-absorption cross section ~1 
barn can be accepted, there are no metal matrices 
that will offer a fuel element capable of pro- 
longed operation above 600°C. The use of 
such relatively high cross-section matrices would 
probably be more attractive nuclear-wise using 
plutonium rather than U235 as the fissile 
element. The beryllium-uranium oxide system 
would appear to offer the maximum operatiug 
temperature of dispersions in low cross-section 
metals. For operating temperatures in excess 
of 600°C, using either uranium dioxide or 
uranium monocarbide as the dispersed phase, an 
impermeable matrix is needed to retain the 
fission-product gases (AERE, Harwell, as re- 
ported in Nuclear Science Abstracts.) 


Ceramic Fuel Elements Tested 


Fuel elements comprising pellets of uranium 
and thorium oxide sintered together and clad 
with an aluminium nickel alloy have been used 
in the core of Argonne’s experimental boiling- 
water reactor Borax IV in Idaho. 


Uranium Impregnation of Graphite 


A process has been developed by Argonne 
National Laboratory for impregnating graphite 
with U,;O, in connection with the proposed use 
of such material for fuel rod elements in a high- 
temperature reactor. The process as developed 
consists of five steps: fabrication of the graphite 
in the desired shape; pretreatment of the graphite 
by boiling in water and then firing in helium at 
800° C; impregnating the graphite by first 
evacuating the pretreated material and then 
admitting an aqueous uranyl nitrate solution, 
the concentration of which is determined by the 
final uranium content desired in the graphite; 
drying the impregnated graphite slowly under 
equilibrium conditions; and conversion of the 
uranyl nitrate to U;O, by firing in helium at 
800° C. By this process fuel rod elements have 
been made which contain as much as 19 per cent 
U,O, distributed uniformly throughout the 
graphite. (M. A. Kanter, Argonne National 
Laboratory, reported in Nuclear Science Abstracts) 


Graphite Impregnation 


Of the advanced nuclear fission reactors the 
high-temperature gas-cooled reactor has the 
special attraction that its core is potentially 
capable of operating at temperatures of over 
1,000° C. Normal canning materials will have 
failed at temperatures well below those envisaged 
and it is necessary to look for new materials to 








enclose the fuel elements. If it were possible to 
use graphite as a canning material many problems 
would be solved, but it is well known that ordi- 
nary graphite is quite porous and it could be 
expected that there would be severe leakage of 
fission products into the coolant gas. The 
Hawker Siddeley Nuclear Power Company, in 
collaboration with Harwell and the Royal 
Aircraft Establishment, has developed a proce- 
dure by which the permeability is reduced by 
several orders of magnitude. 
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Research Group at Harwell. He is to succeed 
Dr. H. M. Finniston, who is being released by 
agreement to take up an appointment with the 
Nuclear Power Plant Company. 


Teddington Nuclear Division 


Teddington Aircraft Controls Ltd., of Merthyr 
Tydfil, a member of the Teddington group of 
companies controlled by the British Thermostat 
Co. Ltd., announce that they have formed an 
atomic energy division. Mr. C. D. Boadle 


Core assembly of the Daniels-Boyd Nuclear Steam Generator, 
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Notes and News 


Uranium Bidding 

Tenders for three tons of natural uranium 
invited by the International Atomic Energy 
Agency have been submitted by three of the 
10 countries which were asked to bid (see 
Atomic Review last week). The United States 
submitted the bid of the Davison Chemical 
Company of Baltimore at $54-34 (£19) per kg; 
Belgium submitted the bid of the Société Générale 
des Minerais of Brussels at 1,700 Belgian francs 
per kg ($34); the Canadian Government offered 
three tons of uranium free of charge stipulating 
that the IAEA sell this to Japan at a price “* bear- 
ing a reasonable relationship to the current 
world price.” The figure usually quoted is 
$40 per kg. The proceeds would go to the 
IAEA. 


General Manager of USAEC 
Major General Alvin R. Luedecke USAF 


(retired) has recently taken up his duties as 
general manager of the USAEC. 


Director of US Reactor Development 

Dr. Frank K. Pittman has been appointed 
director of the USAEC’s Division of Reactor 
Development, to which the functions previously 
assigned to the Office of Industrial Development 
have been transferred. 


Authority and Company Appointments 

The United Kingdom Atomic Energy Author- 
ity have appointed Mr. L. Grainger as head of 
the metallurgy division in the Authority’s 
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formerly of Harwell and Rolls-Royce Limited, 
has recently joined the company and has been 
appointed technical manager of this division with 
Mr. C. R. Peter as liaison executive. 


Declassified Reports 


The UKAEA has published its List of Recently 
Declassified Reports, No. 2-—December 1958. 
Compiled by the Atomic Energy Research 
Establishment Library, it includes sections on 
chemistry, chemical engineering, metallurgy and 
materials, effect of radiation on materials, 
physics, reactors, particle accelerators, engineer- 
ing, instrumentation and electronics, isotopes, 
biology, medicine, agriculture, protection, con- 
tamination and waste disposal. 


Fusion at the Science Museum 


The controlled fusion of heavy hydrogen pro- 
vides the subject of a small exhibition at the 
Science Museum, London, open from 18 Decem- 
ber to the end of March, 1959. In particular it 
illustrates British research in this field. The 
centrepiece of the exhibition is a one-third scale 
model of Zeta, the apparatus developed at 
Harwell. This model was shown in the exhibi- 
tion held in connection with the Geneva Con- 
ference on atomic energy, and simulates the 
flashing discharge in Zeta. Another scale model, 
which was on view for six months at the Brussels 
World Fair, shows the apparatus known as 
Sceptre III, which was made by Associated 
Electrical Industries Limited, and gives results 
similar to those obtained with Zeta. Examples 
are also shown of pioneer apparatus used at the 
beginning of this type of work twelve years ago. 
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In Parliament 


DOCKYARD DILUTEES 


During a series of short adjournment debates in 
the House of Commons last week, Brigadier T. H. 
Clarke (Conservative) put before the House the 
case of dilutees at Portsmouth Dockyard. He 
stated that, at some period during the war, 
dilutees were allowed to take up work in the 
dockyard. These men were unskilled or semi- 
skilled naval ex-Service personnel who had a 
right to earn a living. The Admiralty agreed 
that, if they served for seven years, they would 
then be considered as tradesmen and allowed 
to go on earning their living as tradesmen. 
Because of the recent recession and the closing 
of the dockyards, however, these men now 
found themselves without jobs. 

The trade unions were saying that if there was 
one trained man in Portsmouth without a job 
the dilutees must go. These agreements had 
been made at a time when, no doubt, the 
Admiralty thought that they would never have 
to honour them, but through the closing of the 
dockyards, ex-Service men, excellent types, were 
being thrown out of work. Through these 
agreements, which he thought ought never to 
have been made, Portsmouth men would lose 
their jobs and men from outside Portsmouth 
would take their places. 

If that was what trade unions stood for, he 
was not surprised that under 40 per cent of the 
employees at Portsmouth Dockyard belonged. 
to them. 


EMPLOYMENT OF SHIPWRIGHTS 

A similar problem was also raised by Miss Joan 
Vickers (National Liberal and Unionist), who 
asked for facts and figures about shipwright 
dilutees at the royal dockyards. She wanted to 
know how many of these men had been dismissed 
from the dockyards, how many had been trans- 
ferred to other Admiralty jobs, and how many 
Royal Navy shipwrights and shipwrights from 
private shipyards had been taken on at the royal 
dockyards. 

She felt that the grade of shipwright dilutee, 
which made matters difficult for the men, was an 
undesirable one. The men achieved a certain 
standard, but those who had been reverted to 
other work were now earning at least £4 or £5 a 
week less. She felt that the trade unions should 
be consulted, so that a similar state of affairs 
did not recur. 

The Civil Lord of the Admiralty, Mr. T. G. D. 
Galbraith, expressed ‘‘a certain amount of 
sympathy ” with the point of view outlined by 
Miss Vickers, but he said that the agreement 
with the unions which allowed dilutees to be 
employed in the first instance provided for their 
discharge or reversion whenever time-served 
craftsmen became available. The Admiralty 
was bound by that agreement. Since | January, 
49 dilutee shipwrights had been discharged 
from the royal dockyards. During that period, 
141 dilutee shipwrights had been reverted or 
re-employed on other work, while 87 ex-naval 
shipwrights and 62 shipwrights from private 
yards had entered the service. 


FACTORIES IN POOR AREAS 


Difficulties respecting the operation of the 
Distribution of Industry (Industrial Finance) 
Act, 1958, were brought to the attention of the 
Chancellor of the Exchequer by Mr. Douglas Jay 
(Labour). He stressed the position that insist- 
ence that alternative finance should not be 
available to a firm which wanted a loan from the 
Development Areas Treasury Advisory Com- 
mittee was hampering the effectiveness of the 
Act, and urged the Chancellor to relax this 
condition for a loan. 

Mr. Jay pointed out that the condition 
presented a real obstacle, in that reputable firms 
which could get financial aid elsewhere found 
that, as a result of that limitation, the Act pro- 
vided no incentive at all for them to transfer 
their factories to needy areas, especially now that 





building restrictions were less effective. As an 
example, the problem had arisen in South Wales, 
where this condition for a loan had proved 
a definite deterrent. 

Complaints that the Act contained no real 
incentive to firms to go to areas like North Wales 
were put forward by Mr. G. O. Roberts (Labour), 
who stressed the fact that unemployment in 
Caernarvonshire was more than 9 per cent and 
was still rising. He asked that the Chancellor 
should at least see that the appropriate committee 
dealt with all applications with the utmost speed 
and sympathy. 

In reply, Mr. Heathcoat Amory said that he 
could not relax the condition referred to, because 
it had been laid down in the Act itself. If capital 
could be raised on reasonable terms from normal 
commercial sources, there appeared to be no 
need for a Treasury loan, but he promised to 
inquire into the particular point that had been 
raised. Under the Act, the Treasury was a lender 
of last resort, not of first resort. So far as 
Caernarvonshire was concerned, three firm and 
eligible applications had been received and were 
under consideration. Every application would 
be dealt with quickly and sympathetically. 


NUCLEAR POWERED WARSHIPS 


It would not be in the public interest, Mr. Robert 
Allan, the Parliamentary and Financial Secretary 
to the Admiralty, told Major P. H. B. Wall 
(Conservative), to supply details of this country’s 
plans for bringing nuclear-propelled warships 
into her service. The possibility of comparing 
the number of such vessels with the estimated 
numbers of similar ships in the navies of the 
United States and Russia did not, therefore, arise. 

Major Wall considered that Britain’s very 
heavy programme for scrapping quite useful 
battleships could only be justified provided that 
there was an adequate replacement programme. 
He said that the existing programme for replace- 
ments indicated that there would be only a very 
small British fleet in the early ’sixties. Mr. Tom 
Steele (Labour) invited the Parliamentary Secre- 
tary to say whether it was hoped, in fact, to 
commence the building of a nuclear-powered 
submarine capable of taking Polaris missiles 
within the period of 1961 to 1963. 

Britain’s fleet might well be a very small one, 
Mr. Allan retorted, but it would be a very good 
one. Britain was going ahead with the purchase 
of nuclear machinery for her own Dreadnought 
submarine. As for the Polaris, these had not 
yet been fully proven or tried out in the United 
States and it was difficult to say what adjustments 
would be necessary to submarine hulls. Certainly 
some alterations would be required, as otherwise 
the hull of Britain’s Dreadnought would not be 
able to take the Polaris. 


RAILWAYS IN AN AGE OF MOTORS 


Introducing the second reading of the Transport 
(Borrowing Powers) Bill, Mr. Harold Watkinson, 
the Minister of Transport and Civil Aviation, 
said that it had been reported in some quarters 
that the £600 million which the present Bill 
autorised represented a new sum of money 
suddenly injected into the economy and one 
which was likely to be inflationary in its nature. 

This additional sum had been pledged in 1954, 
when the Government had said that they would 
back the original modernisation plan. The 
£600 million was, in fact, the second instalment 
of the money promised at that time. 

What the Commons were considering that day 
was how the greatest engineering triumph of 
the Victorian Age could stream-line itself to fit 
into the age of the motor car and the atom. 
Any industrialised country had to have a railway 
system, and that system had to be both modern 
and efficient. The railways had not been given a 
large share of the national investment in the 
years following the war. The House at that 
time had debated nationalisation when it should 
have been discussing modernisation. 


The original investment planned for the 
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railways was £135 million in 1958 and £149 
million in 1959. What was now proposed was 
£145 million for 1958 and £178 million for 1959 
The Commission was thus obtaining from the 
Government all that they could invest during 
this year and next. 


STANDING UP TO COMPETITION 


It was an interesting comment on the motor age 
that in 1951 there were 4,300,000 motor vehicles 
on the roads and that, by 1958, the total had 
risen to 7,600,000 vehicles. That was the measure 
of the competition which the railways had to 
face. Whereas in 1947, there were only 250,000 
C licences, there were now over one million 
and the number was increasing rapidly. The 
railways were thus handicapped by a late start 
in modernisation and greater competition on the 
roads. Road competition in a free economy 
should be encouraged and allowed to continue, 

On the passenger side, it was fair to say that, 
in spite of competition, receipts were more than 
holding their own. On the freight side, the 
position was difficult. Freight receipts had 
sagged heavily throughout the year. It was 
mainly in heavy traffic, coal and steel in par- 
ticular, that the trouble lay. 

The Commission were pressing on with their 
modernisation plans. The Green Arrow and 
Export Express schemes were both doing well. 
By the end of this year, fitted freight trains 
would have increased to 35 per cent of the 
whole. There would then be 270,000 wagons 
fitted with continuous brakes; 44,000 containers 
suitable for door-to-door conveyance would be 
in use; 150 older marshalling yards would have 
been closed; and 27 new yards would have been 
constructed. 

At the moment, the amount of coal carried by 
the railways was down by 500,000 tons a week, 
but an agreement had been signed with the 
Electricity Generating Board by which some 
three to four million tons of coal traffic would 
be regained by the railways over the next six to 
twelve months. He considered that the railways 
could stand up to the competition of new 
vehicles on fast roads. 


Producing Smokeless Fuels 


Sir Ian Horobin, Parliamentary Secretary to the 
Ministry of Power, declined an invitation from 
Mr. Roy Mason (Labour) to give general 
directions to the National Coal Board to produce 
a smokeless fuel, of a quality which would 
satisfy the requirements of the Clean Air Act 
and be allowed for use in smokeless zones, out 
of the large stocks of unsaleable small coal. 
Sir Ian pointed out that the Board was already 
working on a number of possible methods of 
making such fuels from suitable small coals, 
but the technical problems were not yet solved. 


Aircraft Research 


It would not be in the public interest, Air- 
Commodore Sir Arthur Harvey (Conservative) 
was told, to disclose the financial amounts which 
the Government had allotted to research on 
manned aircraft and aero-engines during recent 
years. However, said Mr. W. J. Taylor, the 
Parliamentary Secretary to the Ministry of 
Supply, it could be stated that the total sum for 
the financial year 1958-59 would be slightly 
larger than that for 1956-57 and slightly smaller 
than for 1957-58. 


Single Authority for London Traffic 


Lieut.-Colonel M. Lipton (Labour) urged the 
setting up of a single authority to regulate 
London traffic, in order that the flow of this 
traffic might be facilitated. He was told by 
Mr. Harold Watkinson, the Minister of Trans- 
port and Civil Aviation, that the establishment 
of a single central authority to supervise traffic 
in London would require extensive new legisla- 
tion. Proposals of this kind would be bound to 
impinge in many respects on matters now being 
considered by the Royal Commission on Local 
Government in Greater London. The Govern- 
ment proposed, therefore, to await the Com- 
mission’s report. 
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Design 


MINESWEEPER WITH 
ROLL STABILISATION 


Vosper Fins 
on HMS Coniston 


Since 1949, Vosper Limited, Portsmouth, have 
been developing a system of roll damping fins 
capable of installation particularly in the smaller 
ship. The aim throughout has been to achieve 
simplicity, economy of space, standardisation of 
component parts and low cost, combined with 
reliability and an outstanding performance in 
roll reduction. Their system comprises a sym- 
metrical unflapped fin of low aspect ratio which, 
by reason of its moderate outreach, can remain 
permanently in position and is not liable to 
damage when the vessel lies alongside a quay, 
or should it run aground. The fins are hydrau- 
lically actuated by a moderate pressure system 
such as is in wide use for a number of industrial 


HMS Coniston, a 
coastal minesweep- 
er, is fitted with 
roll-damping fins. 


vessel of this type was necessarily the reduction 
of the amount of magnetic material to an 
absolute minimum. The roll damping equipment 
was installed during the course of a refit under- 
taken in Vosper’s Camber shipyard at Portsmouth 
in the spring of 1956. 

The Muirhead gyro-controlled hydraulic relay 
as used in HMS Coniston is so designed that 
it is sensitive to the velocity of roll of the vessel. 
Sensory movements due to precession of the 
gyro unit are then amplified and passed to a 
double-acting valve system, supplying a pair of 
double-acting rams on each side of the ship. 
As may be seen from the diagram, each pair of 
rams, working in opposition, oscillates a cross- 
head. To this crosshead 
is keyed the upper end 





























of the stock, which 
passes through the hull, 
and to which the fin 
is bolted. The control 
system is so arranged 
that the fins are rotated 
in opposite senses. 

It is, of course, possi- 
ble to transmit the signal 





















































Diagram of hydraulical- 
ly-operated power system. 


1. Hydraulic tank. 

2. Suction filter. 

3. Micronic filter. 

4. Pressure relief valve. 

5. Ram operating valve. 
6. Ram operating valve. 
7. Hydraulic rams. 

8. Hydraulic rams. 

9. Hydraulic accumulator. 
0. Hydraulic accumulator. 








(see* 8) 


applications; and control is by a Muirhead gyro. 

Following successful demonstrations of the 
prototype equipment in the summer of 1955, 
in the motor yacht Sea Victory, the Admiralty 
placed a contract with Vosper for the installation 
of roll damping equipment in a coastal mine- 
sweeper. 

Among the advantages of fitting roll damping 
fins to minesweepers, probably the most impor- 
tant is the reduction of the violent motion 
which is particularly liable to occur in this size 
of ship, and which is very fatiguing to the ship’s 
company. For minesweeping, too, a considerable 
part of the time is occupied in handling heavy 
equipment on deck, so that any reduction in 
motion, particularly rolling, will be most bene- 
ficial to the operational efficiency of the ship. 

The ship selected for this installation, HMS 
Coniston, was already in service, so that the 
matter of fitting the equipment into the existing 
space available was of paramount importance. 
Accordingly the operating gear was placed in 
the engine room, a location perhaps further aft 
than the optimum. A feature of the design for a 


Gyro controlled hydraulic 


“excreranee «=Velay = and oil tank. 















to the fins by other-arrangements; for example, 
a Magslip system could be employed. This has 
the advantage that connection between the gyro 
unit and the fin-operating assemblies can be 
effected by means of electrical wiring. 

Should a fault occur in the power system which 
results in the fins assuming an attitude inclined 
to the fore and aft line of the ship, they may be 
returned to their neutral position by means of a 
hand-operated brake gear. 

In the latter part of June, 1956, the trials began. 
As so often happens with these installa.-ons, the 
weather for the initial trial period was an unre- 
lieved flat calm, and the preliminary trials of the 
equipment had to be conducted by “ forced 
rolling” of the ship. 

It may be of some interest that the steady 
amplitude of forced rolling for this ship, expressed 
in the form of degrees rolled divided by speed in 
knots, is unusually large. This is not, of course, 
an absolute criterion of the efficiency of the 
installation as roll damping equipment, because, 
for instance, the magnitude of d¢/dn (the decre- 
mental function due to the natural damping 
qualities for the particular hull) has to be taken 
into consideration, amongst other factors. It is, 
however, a useful indication of the capacity of 
the fins in the rolling plane. 

After the acceptance trials referred to above, 
HMS Coniston was involved in the Suez 
crisis, so that official performance evaluation 
was delayed until the following year. However, 
the ship’s officers had plenty of opportunity to 
test the effectiveness of the fins to reduce rolling 
in the course of normal service, and unofficial 
reports received throughout have been most 
encouraging. 

Official evaluation trials in heavy weather were 
undertaken on two occasions in 1957. The 
conditions in which these trials were run were 
such that very heavy motion would undoubtedly 
have been felt without the fins. A Vosper 
representative who was aboard reported that 
from his observations the rolling was reduced 
to as much as a quarter the “‘ free’’ value when 
the fins were in operation. His observations were 
unofficial, but the weather was estimated at wind 
force 7 Beaufort scale, height of wave up to 
12 ft length, about 200 ft between crests. Ob- 
viously the reduction “ factor ” will depend upon 
the conditions; there can be no unique value. 

In practice, a very short and confused sea is 
liable to detract from recorded fin performance, 
while a regular beam or other sea whose fre- 
quency of encounter synchronises with the 
natural rolling frequency (period) of the ship 
will be likely to yield optimum recorded fin 
performance. 

The fins themselves, even when immobile, 
do in fact provide an appreciable degree of 
damping. For this reason, records such as these 
which involve a comparison of the amplitudes 
during similar periods with fins on and off will 
not show quite the amount of roll reduction that 
would be the case were the comparison made 
with a hull without any fins fitted. 

The accompanying illustrations show. the 
compactness of the roll damping installation. 

The Admiralty trials in HMS Coniston are 
continuing, though the ship remains with her 
operational squadron (where she is said to be 
much envied). 
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Computers for Plastic Theory Calculations 


reani theory was invented for the analysis and design of steel-framed buildings because elastic 


theory gave the wrong answers to questions put by designers. 


It was found, as is now well 


known, that the quantities calculated elastically could not be measured on an actual building, 
A revolution in structural thought was, in fact, forced on the engineer in his attempt to give 


scientific explanations of observed facts, and he 
found in plastic theory an answer to some of the 
mysteries of structural behaviour. 

But he found more: not only did elastic theory 
give the wrong answers to the traditional 
questions of design; the questions themselves 
were the wrong questions to ask if the behaviour 
of structures were to be understood. To under- 
stand how conventional design methods broke 
down, a brief examination must be made of the 
way in which these methods developed. It will 
help, in this analysis, to think of design of the 
future, design carried out by high-speed automatic 
computers. In giving instructions to a computer 
there is no room for loose thinking; each 
instruction must be clear and unequivocal. 

All engineering problems of design involve 
the same more or less illogical thought processes: 
illogical in the sense that there are always gaps 
in the designer’s knowledge, and each gap must 
be bridged by guesswork, experience, rule-of- 
thumb, or an honest leap into the dark. Some 
of the gaps are relatively small; for example, the 
structural engineer does not know the exact 
properties of his materials, but he will be 
reasonably satisfied with statistical averages. 
Some are larger; for example, he knows only 
approximately the loading conditions which his 
building must withstand, and he knows hardly 
at all the accidental irregularities, whether of 
workmanship or service conditions, to which his 
structure may be subject. It may be argued that 
all these gaps may be, if not bridged, at least 
narrowed by statistical surveys. But even if the 
engineer knew exactly all the criteria which must 
be satisfied in design, the actual design process 
is so complicated mathematically as to be almost 
impossible, unless sweeping simplifying assump- 
tions are made. 

The engineer is faced, in fact, with an enormous 
number of equations for a still larger number of 
unknowns. Under these conditions, the problem 
is insoluble. But the problem must be solved, 
and a stricture designed; at some stage in his 
calculations, however complicated and refined 
these may be, the engineer must make simplifica- 
tions and must reject certain imponderables, 
always on insufficient logical evidence. It is 
the business of the engineer to reject (in time, 
almost instinctively) those factors which seem 
to him unimportant; it is the mark of the engineer 
of genius, shown perhaps most strongly in the 
great nineteenth century engineers, that these 
leaps in the dark appear, in retrospect, to have 
been inevitable and to be almost a form of 
creative art. Certainly the claim might be made 
that engineering is one of the few truly creative 
intellectual disciplines. 

But engineers are not really (and, traditionally, 
have never been supposed to be) creative artists, 


*"Dr. Heyman will present a paper entitled 


** Automatic Plastic Analysis of Steel Framed Struc- 
tures under Fixed and Varying Loads ”’ at the Institv- 
tion of Civil Engineers on the evening of 10 February, 
1959. 


whether satisfied or frustrated; if they had the 
time, and if their equations could be solved, 
they would be happier with exact solutions 
rather than inspired guesses. With the coming 
of the high-speed computer, there is now a hope 
that the complicated equations can be solved 
without simplification. The working conditions 
of a practical structure will still be known only 
on a Statistical basis, but at least if the engineer 
poses a mathematical problem the computing 
machine can give an accurate answer. The 
difficulty lies in knowing the kind of questions 
to present to the machine. Structural design 
has developed as a largely illogical and irrational 
process, whereas a computing machine is highly 
logical. It cannot accept the questions of 
conventional design practice: these must first be 
formulated in a way that the machine can 
manipulate. While there is now at last the 
possibility of accurate design, the use of auto- 
matic machines has demanded that structural 
theory become completely logical, a process 
which started over thirty years ago. 


STEEL STRUCTURE DESIGN 


When the difficulties of rational design are 
appreciated, it will not come as a shock that the 
conventional engineer does not in fact design 
atall. In almost all so-called design, the engineer 
will guess the shape and size of a structure, 
and then apply the mathematical tools at his 
disposal in order to find the working conditions 
of this trial “design.” If he considers these 
working conditions to be dangerous, then a new 
guess must be made, and so on until a “ satis- 
factory *’ design is achieved. Now, the problem 
of determining, for example, the elastic stresses 
in a steel building frame of even moderate size 
is very difficult mathematically; when such 
analyses have to be carried out several times 
for the “ design” of a single frame, the labour 
involved is considerable, and much of early 
research work of this century was directed 
towards finding quick and convenient methods 
of analysis. 

Such methods were discovered, although their 
usefulness is open to serious doubt, as will be 
discussed below. But the practical engineer 
wishing to erect a steel building could not wait 
on development of the theory; he had to have 
simple rules for finding whether a structure were 
safe or unsafe. These simple rules developed, 
of course, as rules-of-thumb. Based originally 
on observations with iron structures of the last 
century, design codes, often conflicting, were 
developed for steel buildings. There were so 
many codes and so many different rules that in 
1929 the Steel Structures Research Committee 
was set up to see if they could create some order 
out of the chaos. 

The Committee produced first British Stan- 
dard 449: The Use of Structural Steel in Buildings, 
which was virtually a collation of existing codes. 





There was very little logical basis for this Stan- 
dard; it had the virtue that buildings designed 
in accordance with its clauses were unlikely to 
fall down (the Standard is still in use today, 
almost unmodified). The Committee then pro- 
duced three Reports—in 1931, 1934, and 1936~ 
in which refined methods of calculation were 
recorded, developed, or invented. But, most 
importantly, the Committee reported tests on 
three large steel buildings, and the results forced 
the first revolution in structural thought. For 
it was found that the elastic stresses calculatcd 
by the most refined methods were almost com- 
pletely fictitious; the test results in some cases 
bore some sort of resemblance to theory, in 
other cases no sort of resemblance at all. 

It is now clear why these discrepancies between 
theory and observation occurred; it was not 
so clear at the time. The Committee, and its 
Technical Officer, Dr. J. F. Baker (now Professor 
of Mechanical Sciences at Cambridge University) 
were dissatisfied; they had produced a code 
which “ designed ’’ safe buildings, but the calcu- 
lations involved almost meaningless quantities. 
There was no point in making the calculations 
still more exact; some new method of structural 
design had to be found. Baker took the extreme 
step of choosing to reject all the traditional 
methods of calculation; in the two volumes of 
The Steel Skeleton he has given the history of 
the Steel Structures Research Committee, and 
of the development of the new method of plastic 
design. 

PLASTIC BEHAVIOUR 


Some theoretical work on _ the _ inelastic 
behaviour of steel had been done in England at 
the end of the last and the beginning of the 
present century; and, in the decade before the 
Steel Structures Research Committee was set up, 
Continental engineers had made some simple but 
significant tests. Baker learned of the work of 
Professor Maier-Leibnitz at Stuttgart, and 
although the development of plastic design 
methods was to take a decade, there was a 
glimmer of hope that the plastic method might 
be what was needed to put steelwork design on a 
logical basis. Maier-Leibnitz had loaded con- 
tinuous and fixed-ended beams out of the elastic 
into the plastic range, where steel can deform 
almost indefinitely (for practical purposes) 
without increase of load. If measurements are 
made on two apparently identical beams, very 
different elastic distributions of stress will be 
found under the same loads; however, Maier- 
Leibnitz demonstrated that the loads at which 
deformations of the beams became very large 
were indeed identical. The condition for “ col- 
lapse,” that is, the development of large 
deflections in the beams, seemed to be solely the 
formation of “* plastic hinges.” 

When a steel beam is bent elastically, the 
curvature at each cross-section of the beam is 
proportional to the value of the bending moment. 
As the bending moment increases, however, the 
steel passes from the elastic into the plastic 
range; at the cross-section of largest bending 
moment, the curvature increases very rapidly, 
and a more or less localised “* kink ’’ occurs in 
the beam. When the bending moment is suffici- 
ently large so that all the material at the cross- 
section of the kink has yielded into the plastic 
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range, very large deformations occur without 
further increase in bending moment, and the 
cross-section behaves as a hinge. Collapse of a 
steel framed structure takes place when sufficient 
of these plastic hinges form to turn the structure 
into a mechanism of one degree of freedom. 

Maier-Leibnitz found that these mechanisms 
could form in his beams quite independently of 
any slight practical imperfections; for example, 
if one of the beam supports settled slightly, the 
collapse load was unaffected, whereas the elastic 
stress distribution was greatly changed by such 
settlement of the supports. 


ELASTIC AND PLASTIC DESIGN 


In making an elastic analysis of a steel frame, 
three principles are used. The structure must 
satisfy the three conditions of equilibrium, com- 
patibility, and the stress-strain law for the 
material. The stress-strain law will be known 
accurately. The equilibrium condition states 
that any computed internal actions in the frame, 
i.e. stresses, bending moments, shearing forces, 
must be in equilibrium with the external loads. 
This equilibrium condition will give a large 
number of equations, but these are in general 
insufficient to solve the problem; the com- 
patibility condition must be used to generate the 
missing equations. Now compatibility makes 
statements such as the two following examples. 
An unloaded beam rests on a certain number of 
supports at the same level; when loaded, the 
beam will continue to rest on the supports which 
remain at the same level (or settle calculable 
amounts). Or, the second example: The con- 
nection is rigid between two members meeting 
at right-angles at the corner of a frame; if the 
frame suffers deformation due to load, the two 
members will continue to meet at right angles. 
These compatibility assumptions are extremely 
suspect; even small deviations from perfection 
will lead to large differences between calculated 
and observed stresses. 

This is why “ exact ”’ elastic calculations were 
found to be almost worthless by the Steel 
Structures Research Committee; the practical 
imperfections, for example, in the connections 
between members of the steel frames they tested 
were sufficient to make apparent nonsense of con- 
ventional design procedure. An engineer design- 
ing elastically still bases his design on the concept 
of working stress; he calculates the largest stress 
in a given frame, and tries to ensure that this 
stress does not exceed a certain fraction of the 
yield stress of the material. This is a trial-and- 
error process, and moreover the calculated 
stresses will not be realised in practice; never- 
theless, such designs, based upon safety factor on 
stress (concocted in turn upon experience with 
brittle iron rather than ductile steel structures) 
continued to be used today. 

Baker started work on plastic design before 
the Second World War. His tests on more 
complicated frames confirmed Maier-Leibnitz’ 
findings of the invariance of the collapse load, 
despite practical imperfections such as connections 
and settlement of foundations. The work, 
although interrupted by the war, progressed 
sufficiently well that a clause could be inserted in 
the 1948 revision of BS 449, officially permitting 
plastic design in England. Meanwhile, one of the 
Continental engineers who had been associated 
with early work on plastic theory, W. Prager, 
now Professor of Applied Mechanics at Brown 
University in the United States, had been study- 
ing the theoretical aspects of plastic theory. 
Prager and his associates formulated the three 
principles of plastic structural design, correspond- 
ing to the three conditions used in elastic methods. 

The equilibrium condition remains unchanged, 
but the stress-strain law is replaced by the yield 
condition, which states that the full plastic 
moment (the hinge moment) can be reached but 
not exceeded at any section of a frame. Most 
importantly, the compatibility condition, which 
leads to all the difficulties of elastic analysis, is 
replaced by a mechanism condition, which states 
that sufficient plastic hinges must be formed at 
collapse to turn the structure into a mechanism 
of one (or more) degrees of freedom. In apply- 














ing these principles, the designer abandons the 
concept of safety factor on stress; instead,the 
structure is designed to collapse under a certain 
multiple of the applied loads, the load factor. 


PLASTIC ANALYSIS 


In applying the new ideas of plastic theory, 
designers still leaned heavily on the traditional 
concepts of design. Rather than trying to 
generate a structure ab initio, the new techniques 
were used first to analyse guessed designs. 
Plastic analysis proved to be quick, and powerful 
computational techniques were developed, not- 
ably one due to Neal and Symonds, involving 
the examination and combination of elementary 
mechanisms of collapse. In addition plastic 
design was rational, and gave the designer con- 
fidence that his structure would behave as 
predicted. 

But these tools of plastic analysis had still 
been forged on the anvil of tradition. Structures 
were still designed by inspired guesswork, and 
then modified by trial and error. More im- 
portantly, the plastic methods themselves de- 
manded judgement on the part of the designer. 
Since plastic analysis was simpler than elastic 
analysis, this need for judgment was little 
handicap at first; quite large frames could be 
analysed quickly and simply. It was the problem 
of design of structures which forced a second 
revolution in structural thinking. 


AUTOMATIC DESIGN 


Foulkes studied the following problem: Given 
the overall dimensions of a frame and the loads 
acting upon it, how should the members be 
proportioned so that material consumption is a 
minimum? This is a first step to actual struc- 
tural design, and Foulkes produced the formal 
solution. When the existing techniques of plastic 
theory were applied, however, it was found that 
only small frames could be handled; the largest 
frame designed in this way had only two bays 
and two storeys. Foulkes realised that auto- 
matic computers would have to be used, and 
recognised that his design problem was similar 
to those occurring in certain studies in economics, 
involving what is called linear programming. 
Here a linear function (the weight of the frame) 
has to be minimised subject to a set of linear 
equations (the equilibrium condition) and to a 
set of restraining linear inequalities (the yield 
condition). 

Mathematically, then, the problem was solved. 
Indeed, Livesley programmed the work for an 
electronic computer, but published solutions for 
again very small frames. This was no accident; 
the linear programming method applied to 
structural frames involves an enormous number 
of variables, and no existing machine has the 
capacity to compute such a solution for a 
reasonably large frame. 

The problem had in fact been made too mathe- 
matical, and the physical realities of the problem 
had been ignored. It will be noticed that the 
linear programming solution, as formulated 
above, makes use of the principles of equilibrium 
and yield, but does not use the mechanism 
condition. Prager and the author suspected 
recently that if this physical concept of mechan- 
ism could somehow be injected into the work, 
a method suitable for automatic computation 
could be developed. But the automatic com- 
puter had to be addressed logically and unequi- 
vocally; the existing mechanism method of 
Neal and Symonds could not be used as it stood, 
since it still involved judgmert on the part of 
the designer. 

The Neal-Symonds method predicated the exist- 
ence of an engineer who could be inspired at 
any stage of the calculations to make a leap in the 
dark. The new method is a logical and automatic 
process. 

Neal and Symonds had pointed out that there 
was an exact correspondence between a mech- 
anism equation and a corresponding equilibrium 
equation; one equation will, in fact, derive two 
conditions. Prager and the author went further, 
and demonstrated that the same equation could 
be used to modify an existing design of a frame, 
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and that a single equation could therefore be 
used to derive three conditions. 

The new method can be described as follows. 
For the given loading on a frame, any equilibrium 
distribution of bending moments is constructed; 
this corresponds to a design of the frame, but 
not necessarily to the minimum weight design. 
The mechanism equations are then tabulated; 
these equations are few in number, even for a 
large frame. In Step I of the calculations, the 
original design is modified by use of the equa- 
tions; the modification is made systematically 
to reduce the weight of the frame. A new 
design results at the end of each modification; 
at the end of Step I, the design is tested to see 
whether it has minimum weight. This may be 
called Step II of the calculations; the same 
equations are used, but interpreted now as 
mechanism rather than modifying equilibrium 
equations. If Step II does not show a minimum 
weight design, Step I may be reinitiated by 
making certain indicated changes. The whole 
process is automatic, no judgment being required 
at any stage, and Prager and the author showed 
that the method must lead to the required 
design. 

The method has been programmed by J. 
Kalker for an IBM 704 automatic computing 
machine, and preliminary results are most 
encouraging. Already a frame has been designed 
which is five times larger than any other frame 
previously designed by a computer, and a frame 
three times as large again should be handled 
with ease by the existing programme. 


CONCLUSIONS 


The development of a programme for auto- 
matic design required the abandonment of a 
large number of traditional principles of structural 
theory. Plastic theory itself demanded the 
abolition of some of these, but still left virtually 
intact the concept of design by trial and error. 
Calculation by machine demands a complete 
formulation of the problem and also of the 
method of solution; there is no room for guess- 
work. 

Nevertheless, the new method is still fettered. 
A frame designed by machine still looks very 
much like a conventional frame; the new method 
may be more rational, and the engineer can have 
confidence that he is calculating real quantities; 
but the new design methods are not readily 
visible in a steel building. Structural theory 
itself has been freed to some extent, but structural 
form has not. For example, steel frames are 
still designed largely as plane structures, not 
subject to load out of their planes, and construc- 
tion is arranged so that this assumption is 
satisfied more or less closely. 

With the structural problem at last formulated 
clearly (in a way that even an automatic machine 
can understand; for the machine, while having 
immense computational power, is very stupid!), 
there is now a hope that steelwork design is 
entering a new phase. After fifty years of trial 
and error, machines will now attempt to give 
the exact answer to a precise question. 
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LONDON 


“The Influence of Infinitely-Variable Torque 
Internal Combustion Engine 


Discussion on 
Conversion on Engine —, 
Group. Tues., 6 Jan., 6 p 

* Stress sand Nuderesainn | Studies for Sandwich Rolling Hard 
Metals,” by R. R. Arnold and P. W. Whitton. Meeting in 
= with the Applied Mechanics Group. Fri., 9 Jan., 


6p 
MIDDLESBROUGH 
“Mechanical Marshalling of Railway Wagons in Works’ 
Sidings,” by G. W. Grossmith. North Eastern Branch. 
Cleveland Scientific and Technical Institute, Corporation 
Road, Middlesbrough. Tues., 6 Jan., 6.15 p.m. 
NEWCASTLE UPON TYNE 
** Some of the Highlights of the Geneva Conference on Atomic 


Energy,” by B. Wood. North Eastern Branch. Stephenson 
Building, Claremont Road, Newcastle upon Tyne. Mon., 
5 Jan., 6.15 p.m. 
Institution of Naval Architects 
LONDON 
“Surface Preparation of Ships’ Plates (Outer Bottom 
Plating), by Dr. J. C. Hudson, J. F. Stammers and A. G. B. 
Miller. Thurs., 8 Jan., 4.45 p.m.* 
Instituton of Productiion Engineers 
ST. ALBANS 
** Industrial Research,” by P. Spear. Luton Section. Peahen 
Hotel, St. Albans, Herts. Tues., 6 Jan., 7.30 p.m. 
Institution of Public Health Engineers 
LONDON 
* Desalting Saline Water by Electrodialysis,” by W. M. T. 
Boby. Caxton Hall, off Victoria Street, S.W.1.  Thurs., 
15 Jan., 6 p.m.* 


The address and telephone number of the headquarters of each institution are given below. 
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Institution of Railway Signal Engineers 


YORK 
“* Developments in Telecommunications with Respe<’ to the 
Modernisation Programme,” by A. P. Wilson. S nalling 
School, Toft Green, York. Wed., 7 Jan., 5.30 p.m.” 
Institution of the Rubber Industry 
BURTON-ON-TRENT 
““ Work Study and Productivity,” by J. B. Kitchen. furton. 
on-Trent Section. Midland Hotel, Station Street, Burion-on. 


Trent. Thurs., 8 Jan., 7.30 p.m. 


Institution of Structural Engineers 
BELFAST 
** Design of Plate Girders,”” by Dr. K. C. pa. College of 
Technology, Belfast. Tues., 6Jan., 6.45 p.m 
Junior Institution of Engineers 
LONDON 
Film Evening. Fri., 2 Jan., 7 p.m.* 
Liverpool Engineering Society 
LIVERPOOL 
“* Manufacture of Glass and Its Uses in Industry,”’ by A. E, 
Owen. Wed., 14 Jan., 6 p.m. 
Liverpool Metallurgical Society 
LIVERPOOL 
Student Prize Competition. 
Thurs., 8 Jan., 7 p.m. 


Newcomen Society 


146 Brownlow Hill, Liverpool 3, 


LONDON 
“*A Lancashire Village’s Contribution to the Early History of 
the Cotton Industry,” by R. Walmsley. Wed., 14 Jan., 5.30 p.m. 


North East Coast Institution of Engineers and 
Shipbuilders 
NEWCASTLE UPON TYNE 
“* High Torque Merchant Ship Gearing,” by J. R. G. Braddylt 
and M. C. Oldham. Neville Hall, Westgate Road, Newcastle 
upon Tyne. Fri., 9 Jan., 6.15 p.m 


Reinforced Concrete Association 
LIVERPOOL 
“* The Design and Construction of Shell Roofed Buildings for 
Cadbury Bros., Ltd., at Moreton,” by J. E. C. Farebrother 
and L. E. May. 9 The Temple, 24 Dale Street, Liverpool. 
Tues., 6 Jan., 6.30 p.m.* 


Royal Institution 


LONDON 


‘“* The International Geophysical Year ’’—a series of Christmas 


lectures adapted for a junior audience. Tues., 30 Dec.; 
Thurs., 1 Jan.; Sat., 3 Jan.; Tues., 6 Jan.; Thurs., 8 Jan.; 
and Sat., 10 Jan.; all at 3 p.m. (Tickets required.) 
Royal Society of Arts 
LONDON 
* Films in Alliance with Industry,” by Edgar Anstey. Wed., 
14 Jan., 2.30 p.m 
Scientific Film Association 
LONDON 


““A Review of Recent Cinematograph Apparatus,” by 
P. Rigg. 16 Princes Gate, S.W.7.  Fri., 9 Jan., 7 p.m. 


Sheffield Metallurgical Association 
SHEFFIELD 
Annual General Meeting of the Methods of Analysis Group. 
Address by the Group chairman. BISRA_ Laboratories, 
Hoyle Street, Sheffield. Tues., 6 Jan., 7 p.m. 


Society of Chemical Industry 
BIRMINGHAM 
* Alloys for High Temperature Service,’ by D. A. Oliver. 
Corrosion Group. Birmingham and Midland Institute, 
Paradise Street, Birmingham. Tues., 6 Jan., 6.30 p.m. 
Society of Instrument Technology 
LONDON 
“Control Systems as Applied to Railways Signalling,’ by 
J. C. Kubale. Control Section. Manson House, Portland 
Place, W.1. Mon., 5 Jan., 6 p.m.* 
South Wales Institute of Engineers 
CARDIFF 
“Collection, Transmission and Utilisation of Methane from 
Collieries in the Afan Valley,” by S. L. Wright and others. 
Thurs., 8 Jan., 6 p.m. 


Meetings 


in the headquarters town are held there unless otherwise stated. Particulars for this feature should 
reach the Editor not later than three weeks before the date of the meeting. 


* An asterisk is placed where it is understood that Refreshments are available prior to the time stated. 


British Institution of Radio Engineers, 9 Bedford Square, 
London, W.C.1. (MUSeum 1901.) 

British Interplanetary Society, 12 Bessborough Gardens, London, 
S 


(TATe Gallery 9371.) 
Building Centre, 26 Store Street, London, W.C.1. (MUSeum 
5400.) 


Chemical Engineering Group, 16 Belgrave Square, London, 
S.W.1. (BELgravia 3647.) 

Chemical Society, Dartington House, Piccadilly, London, W.1. 
(REGent 0675.) 

Diesel Engineers and Users Association, 18 London Street, 
London, E.C.3. (ROYal 2393. 

Illuminating Engineering Society, 32 Victoria Street, London, 
S.W.1. (ABBey 5215.) 

2 Grosvenor Gardens, London, 


Incorporated Plant Engineers, 
S.W.1. (SLOane 0469.) 
Institute of Petroleum, 61 New Cavendish Street, 

(LANgham 3583.) 
Institute of Refrigeration, New Bridge Street 
Bridge Street, London, E.C.4. (CENtral 4694.) 
Institution of British Agricultural Engineers, 6 Buckingham Gate, 
London, S.W.1. (TATe Gallery 8589.) 

Institution of Chemical Engineers, 16 Belgrave Square, London, 
S.W.1. (BELgravia 3647.) 
Institution of Civil Engineers, 
S.W. (WHltehall 4577.) 
Institution of Electrical Engineers, Savoy Place, Victoria Embank- 

ment, London, W.C.2. (TEMple Bar 7676.) 
Institution of Engineering Designers, 38 Portland Place, London, 
WwW (LANgham 8847.) 

Institution of Engineers-in-Charge, 
Middlesex. (MILI Hill 3543.) 
Institution of Heating and Ventilating Engineers, 49 Cadogan 

Square, London, S.W.1. (SLOane 3158.) 
Institution of Highway Engineers, 47 Victoria Street, 
.W. (ABBey 3891.) 
Institution of Locomotive Engineers, 28 Victoria Street, London, 
S.W.1. (ABBey 6672.) 
Institution of Mechanical Engineers, | Birdcage Walk, St. James’s 
Park, London, S.W.1. (WHItehall 7476.) 


London, W.1. 


House, New 


Great George Street, London, 


13 Grange Close, Edgware, 


London, 


of Naval Architects, 10 Upper Belgrave Street, 

S.W.1. (SLOane 4622.) 

Institution of Production Engineers, 
London, W.1. (GROsvenor 5254.) 

Institution of Public Health Engineers, 
London, S.W.1. (VICtoria 3017.) 

Institution of Railway Signal Engineers. 
Weedon, 222 Marylebone Road, London, N.W.1. 
sador 7711.) 

Institution of the Rubber Industry, 4 Kensington Palace Gardens, 
London, W.8. (BAYswater 9101.) 

Institution of Structural Engineers, 
London, S.W.1. (SLOane 7128.) 

Junior Institution of Engineers, Pepys House, 14 Rochester Row, 
London, S.W.1. (VICtoria 0786.) 

Liverpool Engineering Society, 9 The Temple, 24 Dale Street, 
Liverpool 2. (Central 3717.) 

Liverpool Metallurgical Society, Greenhithe, 
St. Helens, Lancs. (St. Helens 5879.) 

Newcomen Society, Science Museum, Exhibition Road, London, 
S.W.7. (KENsington 1793.) 

North East Coast Institution of Engineers and Shipbuilders, 
Bolbec Hall, Newcastle upon Tyne 1. (Newcastle 20289.) 

Reinforced Concrete Association, 94-98 Petty France, London, 


Institution 

London, 
10 Chesterfield Street, 
118 Victoria Street, 


Apply to Mr. R. L. 
(AMBas- 


11 Upper Belgrave Street, 


Grosvenor Road, 


S.W.1. (ABBey 4504.) 
Royal Institution, 21 Albemarle Street, London, W.1. (HYDe 
Park 0669.) 
Adelphi, London, 


Royal Society of Arts, John Adam Street, 
W.C.2. (T RAfalgar 2366.) 

Scientific Film Association, 3 Belgrave Square, London, S.W.1. 
(BELgravia 6188.) 

Sheffield Metallurgical Association, 64 Crescent Road, Sheffield 7. 
(Sheffield 52865.) 

Society of Chemical Industry, 
S.W.1. (BELgravia 3681.) 
Society of Instrument Technology, 
London, W.1. (LANgham 4251. 
South he Institute of Engineers, Park Place, Cardiff. (Cardiff 

) 
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14 Belgrave Square, London, 


20 Queen Anne Street, 
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Keeping Up With Inflation 


The opening address to the National Conference of the British Institute of Manage- 


ment, given by Sir Harold Howitt, dealt with inflation. 
been further away from the collective mind of the delegates. 


No subject could have 
Sir Harold was 


well aware of this and said so: “ I have no doubt that many of you present today 
consider that the chief challenge now facing you is lack of demand,” but was 
adamant that the chief challenge that management is facing for the future is 
** inflation—with all its collateral problems both at home and abroad and its reper- 


cussions in different ways on the different sections of the community.” 


Pointing 


out that the sustained inflation the nation had experienced since the war was a 
new phenomenon—retail prices in 1914 were no higher than they had been 64 years 
earlier and in 1939 were only 50 per cent up on 1914 or 1850—Sir Harold advocated 
** killing the disease ” lest we commit ourselves and our successors to ‘‘ the hopeless 
prospect of chasing our own tails and eventually ending in disorder.” 

Sir Harold is a member of the Council on Prices, Productivity and Incomes— 


one of the ‘‘ three wise men ”’. 


Functionally, he has to take a different view of events 


—in many ways he is able to take a longer view—from the average managing director 


or sales executive attending the conference. 


They heard, with respect, Sir Harold 


say that we have progressed “‘ a long way in this country from the laws of the 
jungle, and of the survival of the fittest,” and his remarks on wages and profits, 
but their minds were clearly on those papers which they expected would give them 
leads on how to sell more effectively and how to curb or at least minimise those 
disturbing fluctuations in demand experienced in 1952 and again today. 

Most of these things were discussed in papers given to the conference, some 


of which are briefly reviewed on this page. 
their treatment of industry’s problems than others. 


Some were more “ long-term ”’ in 
For example, how to adapt 


product policy to the needs of the market and how to become aware of, and 
incorporate, technical changes were the subjects discussed widely in hotel lounges 


and by the conference’s study groups. 


How does a firm find new products to 


add to their range, how it is possible to restyle capital goods to increase their 


market pull and germane subjects attracted lively interest. 


The mood of the 


conference was unmistakably on ‘“* what to make and how to sell it.” 


Hand in Glove 


Close liaison between the sales and production 
departments is a prerequisite to maximum pro- 
duction efficiency. Without it either excessive 
variety, or insufficient attention to users’ require- 
ments will result. This was the theme of a 
paper entitled “‘ The Influence of Sales Policy 
on Production Efficiency’ read by Mr. R. S. 
Liddle, sales manager of Ilford Limited, at the 
BIM’s National Conference. 

Mr. Liddle’s starting point was that top 
management executives should be “fully 
acquainted with the necessarily diverse outlook 
among their colleagues’’ and that ‘each is 
prepared to shape his demand upon the others 
in the light of his knowledge.” This applies 
with particular force to production and sales 
executives, and some indication of how this 
might be achieved is given in the paper. One 
of the most obvious ways of co-operation, said 
Mr. Liddle, but one of the least used, was 
through sales forecasting and production plan- 
ning. 

The stumbling block to co-operation between 
the two is their radically different function and 
standpoints, and the necessity to keep them 
different. A good works manager will endeavour 
to produce a maximum at the lowest cost and 
will put work through when it fits in with his 
schedules. A good sales manager must see to 
it that the customer’s needs are met, both in 
the design of the product and in its delivery. 
There are ways of overcoming these difficulties, 
however, without impairing the effectiveness of 
either, and Mr. Liddle’s paper provides a useful 
indication of how this might be done. 


Effective Selling 


How to administer sales effectively was the 
subject of a paper read to the BIM National 
Conference by Mr. A. C. Durie, general manager 
(administration) of Shell-Mex and BP, which had 
the title “‘ The Effect on Quality of Administra- 


tion on Technical and Commercial Efficiency.” 

Mr. Durie is a firm advocate of strategy and 
tactics in an enterprise. Strategy—he calls it 
‘**the art of business’-—must be top manage- 
ment’s responsibility and management’s adminis- 
trative qualities must include an imaginative 
outlook capable of looking ahead, deciding 
where the enterprise is going, what its objectives 
are and how they are to be achieved. Sales 
management has a special responsibility in this, 
since it represents a firm’s main point of contact 
with the outside world. 

In this emphasis on strategy and tactics, Mr. 
Durie touched on what is a weak spot in most 
firms, particularly in the engineering industry. 
The tendency is to “* plan ’’ behind an order book 
and to go forward only when it is no longer 
there. Few have clearly defined objectives and 
even fewer are organised to produce the constant 
stream of ideas needed to keep a product policy 
live and dynamic. Mr. Durie drew on the rich 
experience of his own company and described 
the administrative skills and the kind of organisa- 
tion which add up to efficient selling and low 
sales costs. 


Shock Therapy 


A long indictment of British exporters was read 
to the National Conference of the BIM by Mr. 
B. H. Dyson, latterly director and general 
manager overseas production, Hoover Limited. 
The large audience who listened to Mr. Dyson 
was left almost stunned by the innumerable 
examples he quoted of ineptitude, inadequacy 
and generally poor salesmanship. 

Specific criticism was centred on the alleged 
inability of most British exporters to understand 
the needs of overseas markets. Too much was 
left to the initiative of agents, largely uncontrolled 
and often handling rival products; too few 
visits were paid to the markets by responsible 
executives with a clearly defined brief; inadequate 
introduction of the product to the user; and 
publicity that was often inadequate and generally 
inappropriate. Service came in for a_ well 
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illustrated battering, so did manufacturers on 
the need for ‘“‘ clear and concise information on 
the use of the product.” Perhaps the most 
original, and the most useful, part of Mr. 
Dyson’s sermon related to the future. “It is 
essential,” he said, “ for directors and managers 
to understand the capacity of the market, not 
actual existing markets, but potential markets. 
It is not sufficient to fill present demands, but 
also to create new demands.” 


Stocks and Stability 


Fluctuations in stock levels can have a disastrous 
effect on a producer of materials. How this 
happened in the rayon industry and what has 
been done to insure against its recurrence was 
the subject of a most interesting paper read by 
Mr. A. M. Alfred, to the BIM National Confer- 
ence, entitled ‘* Vertical Co-operation for Better 
Forecasting and Planning.” Mr. Alfred is head 
of the economics department, Courtaulds Limited 
and has made a detailed study of stock changes 
as a factor in demand over the past few years. 
He put forward his findings as a possible contri- 
bution to the problems of other companies 
faced with a chain of several ‘* stages ’°°—both 
manufacture and distribution—before their pro- 
ducts reach the final consumer. 

In the textile industry it was found that in the 
short term a reduction or a cessation of growth in 
retail sales reacted, after a time lag, dispropor- 
tionately through stock changes on the output 
of the initial producer. The size of the reaction 
depends partly on the number of stages in produc- 
tion and distribution between the originator of 
the goods and the final consumer. For example, 
relatively minor fluctuations in, say, retail sales 
can be translated back into major fluctuations at 
earlier stages of production. Also, the size of 
the stock is a factor; the larger the stocks held 
the bigger the reaction on the output of the initial 
producer. 

The practical remedy for the ills suffered from 
fluctuations in stock is that ** all sections of the 
trade should follow what is happening to their 
customers’ sales, and to their customers’ custo- 
mers’ sales.”’ The difficulties in looking through 
the end of a chain of distribution to final con- 
sumption are great but can be overcome, as they 
were to a large extent in the textile industry— 
by a free flow of information between the trade 
associations within the industry. 


Whose Baby ? 


The ways and means of ** co-ordinating technical 
developments, technical services and sales” 
were the subject of a stimulating study group 
discussion at the BIM’s National Conference. 
The group’s brief was to consider questions such 
as these: ‘“‘ At what point, and how often, does 
it pay to introduce new products, or product 
modifications which may render those already 
sold obsolete ?”’ ‘* What arrangements should 
be made for encouraging and handling sugges- 
tions for product improvement coming from the 
development department, from technical services, 
and from the sales department and ensuring 
that the three are kept closely in touch with 
each others’ ideas ?°’ ‘* Who should be the 
final arbiter in deciding on product changes ?” 

Each member of the group gave a brief outline 
of his own company’s methods in dealing with 
these problems. Among them were senior 
representatives of some of the largest concerns, 
and of relatively small ones, employing a few 
hundred people. The concensus of opinion was 
that satisfactory answers to these questions can 
only be given through a formal organisation con- 
stituted to co-ordinate design and product policy. 

The firms which had no procedure laid down— 
several worked entirely through the managing 
director, who asked his friends, went abroad to 
look, read technical journals, and so on—rarely 
succeeded in their endeavours to promote a live 
and profitable product policy. 
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FRICTION BETWEEN TYRE and ROAD’ 


An experimental study shows that when a well-lubricated rubber surface slides over a 
hard spherical or conical body the major part of the frictional resistance arises from 
hysteresis losses in the rubber itself. The two following papers set out to examine 
the significance of hysteresis losses in the rubber of tyre wheels on the liability to 


skidding on a wet or greasy roadway. 


It is suggested that the friction between automobile tyres and wet or oily roadways 
may be considerably increased by using roadways of appropriate surface texture in 


conjunction with tyres of high hysteretic losses. 
tyre should have a duplex structure, the main body of the tyre being composed of low 
hysteretic-loss rubber and only the tread itself possessing high hysteretic losses. 


In order to avoid overheating the 


The 


Sree rolling friction of the tyre may be kept low by reducing the width of the contact 


region and by employing a relatively fine road texture. 


This must, however, be 


coarse enough to allow surface water to escape. 

Although in the past the tyre manufacturer has tended to look upon hysteretic losses 
in the tyre as an enemy, the present work suggests that, if appropriate precautions are 
taken, it may prove to be a very valuable ally in increasing the skid resistance of tyres. 


Hysteresis Loss 


in the Friction 


of Lubricated Rubber 


The friction between sliding surfaces can gener- 
ally be expressed as the sum of two main terms. 
The first arises from adhesion at the points where 
the surfaces are in molecular contact. For clean 
metals this adhesion may be as great as if the 
surfaces were welded together and the forces 
required to shear the junctions formed at the 
interface may be very large indeed. The second 
factor arises if the surface irregularities on one 
surface produce appreciable grooving or deforma- 
tion of the other. The friction may then be 
expressed in the form:— 
Frictional force F = Adhesion term 
Deformation term (1) 


For most unlubricated surfaces the adhesion 
term dominates. If the real area of contact is A, 
and if the interfacial junctions have a more or 
less constant shear strength s we may write:— 

Pr = As (2) 
Thus the friction is simply dependent on the way 
in which the area of contact A varies with the 
load, geometry, and other experimental con- 
ditions. 

For a hard steel sphere sliding on a clean 
rubber surface we may at once deduce an 
approximate relation between the friction and 
load. If the rubber and steel were perfectly 


* The two articles, by Dr. Tabor and by Mr. Giles 
and Miss Sabey, on this and the following pages are 
the substance of two papers which they presented at 
the First International Skid-Prevention Conference 
held in Virginia, USA, in September, 1958. 


+ Research Laboratory on the Physics and Chemistry 





smooth the area of contact would be given by 
Hertz’s equation and A would be proportional 
to W?/* (Schallamach® 1952, Hample* 1955). 
Because of finite surface roughnesses on the 
steel and the rubber the power of W will be 
nearer unity!: for example little spherical 
asperities on the surfaces would give a relation A 
proportional to W.* ® Consequently we should 
expect the coefficient of friction » to be given by 
g = FW =k . & 
Some simple experiments were carried out 
between a 4 in diameter steel ball and a piece of 
black tread rubber. The speed of sliding in this 
and in the subsequent experiments reported was 
always extremely small, of the order of one inch 
per minute. This was deliberately done to 
minimise the complications arising from fric- 
tional heating. By working at these small 
speeds it becomes possible to correlate the 
friction behaviour with the properties of the 
materials at room temperature. Typical results 
for clean surfaces are shown in Figs. la and 5, 
from which it is seen that » is proportional to 
W-°:13 which is close to what one would expect. 
The surfaces were now lubricated with wet 
soap which under these conditions acts as an 
extremely effective boundary lubricant. It was 
expected that the frictional behaviour would be 
similar to that obtained with clean surfaces 
except that the friction would be appreciably less 
since the shear strength of the interface would 
now be greatly reduced. The results in Figs. la 
and b show that this is not so. The friction is 
very greatly reduced but its dependence on load 
The coefficient of friction 





of Solids, Department of Physics, Cambridge is very different. Th : 
University. increases as the load increases and indeed « is 
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By Dr. D. TABOR, Sc.D. ¢ 
University of Cambridge 


roughly proportional to Wt!/*. The reason for 
this discrepancy is that we have ignored the 
deformation term in equation (1). For clean 
surfaces, where adhesion dominates, this is per- 
missible: for well lubricated surfaces it is not, 
since, as we shall now see, the friction is in fact 
dominated by deformation losses. 


ROLLING FRICTION 
AND LUBRICATED SLIDING 


The deformation losses occurring when a hard 
sphere slides over well lubricated rubber can be 
determined experimentally by rolling the sphere 
over the same surface. In rolling, as earlier 
work? ® has shown, the adhesion component 
is usually trivial and practically the whole of the 
resistance to rolling arises from deformation of 
the rubber. The rubber in contact with the 
front portion of the circle of contact is com- 
pressed by the rolling ball so that work is done 
on it; the rubber in contact with the rear portion 
of the circle of contact recovers elastically and 
urges the ball forward. If the rubber were 
ideally elastic the energy restored as the rubber 
recovered would be exactly equal to the energy 
stored in the front portion of the region of 
contact and no net force would be required to 
roll the ball over the rubber. However, in 
practice all rubbers lose energy when they are 
deformed (by internal friction or hysteresis) and 
it is this loss which is reflected in the work 
required to roll the ball along. Similar losses 
will be involved in “ frictionless ”’ sliding, that is 
in sliding where interfacial adhesion is so small 
that no tangential forces can be transmitted 
across the interface. Experiments were there- 
fore carried out in which steel balls were rolled 
and then slid over well lubricated rubber surfaces. 
The results obtained are given in Table I where 
u, is the coefficient of friction for rolling and 
be for sliding. 

TABLE I.—Rolling Friction 4, and Lubricated Sliding Friction us 
for Spheres on Rubber 


Coefficient of friction 


Ball diam., 4 in 


Load, Ib Ball diam., } in 
ag ae a, Bs 

0-88 0-08 0:09 04 0-06 
1-76 0-10 0-10 0:06 0-07 
3-52 0-13 0-15 7 0-08 
5-28 0- 0-25 ~ — 
7:04 - 0-3 0-09 0-11 
14:1 — — 0-14 0-19 
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It is seen that over a wide range of conditions 
,2+,. This implies that in lubricated sliding 
most of the work is expended in deforming the 
rubber and very little in shearing the lubricant 
film at the interface. 

We may take this one stage further. For 
rolling, an earlier analysis§ (Tabor 1954) 
shows that the frictional force is proportional to 
w:/*, so that », is proportional to W'/*. Since 
under conditions of elastic deformation the 
mean pressure p, over the circle of contact is 
proportional to W*’* this means that », should 
be proportional to p,. In Fig. 2 the friction 
results of Table I are plotted against p,. It is 
seen that », and u, are nearly the same and are 
almost linearly proportional to p, for pressures 
below 400 Ib per sq. in. The higher values 
observed for », above this pressure are probably 
due to some breakdown of the lubricant film. 

Finally a theoretical calculation was made of 
the energy losses involved in rolling. From 
simple loading-unloading experiments it was 
found that over an appreciable range of loads 
and loading speeds about 35 per cent of the 
amount of elastic energy fed into the rubber was 
Jost as elastic hysteresis. The elastic input 

energy ¢ involved in rolling forward unit distance 
can easily be calculated assuming that the 
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Fig. 2 Coefficient of 
friction of steel spheres 0-2} 
on black tread rubber as 

a function of mean con- % 
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greater than the theoretical value, but examina- 
tion of the rubber suggests that this is due to 
penetration of the lubricant and to tearing of 
the rubber. 


CORRELATION WITH HIGH SPEED 
SLIDING ON WET RUBBER 


It is interesting to compare these results with 
some experiments carried out by Miss Sabey 
(page 840 of this issue) on the friction of metal 


Heavy Tearing 

% Fig. 3 Sliding of steel 
cones on well lubricated 
rubber. For semi-angles 
greater than 50° the 
observed friction agrees 
well with values cal- 
culated from hysteresis 
losses. For smaller angles 
(sharper cones) _ the 
lubricant film is pene- 
trated and the friction 
is appreciably higher. 
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rubber is deformed according to Hertz’s analysis 
for an ideal elastic material.* It turns out that 
if the mean pressure p, over the circle of contact 
is introduced as a variable the radius of curvature 
of the sphere is eliminated. If now we assume 
that the fractional loss of energy due to hysteresis 
is « the work lost per unit distance of rolling is 
a and this is the effective frictional force. 
Thus introducing appropriate values for the 
elastic constants of the rubber the coefficient of 
friction due to hysteresis becomes :— 


uw hysteresis = a¢/W = 4:10-'p,« . (4) 


Detailed consideration shows that, in rolling, 
the complex stress cycle to which every element 
is subjected leads to hysteresis losses very 
much greater than those found under simple 
isotropic stresses; « is indeed nearer 70 per cent 
rather than 35 per cent*. This leads to the fina) 
relation 

uw hysteresis = 3-10-*p, . » & 


The theoretical curve for this is drawn on Fig. 2 
and it is seen that it is fairly close to the experi- 
mental values. 


LUBRICATED SLIDING OF 
CONICAL SLIDERS 


Using wet soap as the lubricant, sliding experi- 
ments were carried out with conical steel sliders 
of semi-angle @ = 30°, 45°, 50°, 60° and 80°. 
It was found that, for any given indenter, the 
coefficient of friction was roughly independent 
of the load. The mean pressure over the circle 
of contact was also found to be roughly indepen- 
dent of the load. A plot of », against p, is given 
in Fig. 2. It is not possible to carry out rolling 
experiments with cones but a calculation of the 
hysteresis losses can be made as for spherical 
indenters. Such calculations give a value:— 


» hysteresis = 4:10-'p, . . (6) 


__ This is shown as the broken line in Fig. 3. 
The agreement is reasonable. For the more 
pointed cones (small 0) the observed friction is 
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sliders on the same rubber at very much higher 
sliding speeds, about 6 ft per sec. The lubricant 
was water which appears to be effective at these 
speeds although it is quite ineffective at the very 
slow speeds used in the work described above. 
At these higher speeds the deformation charac- 
teristics and deformation losses in the rubber 
will be changed. It is not possible to estimate 
these effects with any accuracy, but assuming as 
an upper limit that it increases the effective losses 
from 70 per cent to 100 per cent, we may calculate 
the friction to be expected from hysteresis losses. 
The results are shown in Fig. 4. The agreement 
is reasonable except for the more pointed cones 
where, the results are similar to those described 
in Fig. 3. 

It would seem, therefore, that in Miss Sabey’s 
work the water film provides hydrodynamic 
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buoyancy and very little energy is expended in 
shearing the water film. The friction is mainly 
due to hysteresis losses. For more pointed 
cones the friction is considerably greater than the 
deformation losses themselves. This is probably 
due to breakdown of the hydrodynamic film as 
a result of which there is a larger contribution 
from interfacial or shearing friction between the 
slider and the rubber. In addition, especially 
with the 30° cone there appears to be an appre- 
ciable amount of work expended in tearing the 
rubber. This suggests that pressures which are 
high enough to penetrate the water film and so 
give an enhanced friction, may also be accom- 
panied by some tearing of the rubber. 


IMPLICATION IN TYRE SKIDDING 


The results described here show that when a 
hard spherical or conical slider slides over a well 
lubricated rubber surface, the friction may be 
considered as arising mainly from the elastic 
work lost in “ grooving’’ the rubber; the 
grooves, of course, disappear as a result of 
elastic recovery after the slider has passed. 
Thus a rubber of high hysteretic loss (low resili- 
ence) will give a greater frictional resistance 
than a rubber of low hysteretic loss. 

We may now consider the bearing of this 
conclusion on the skidding of a locked auto- 
mobile wheel over a slippery road surface. 

When an automobile wheel is braked on a 
roadway, the frictional work can be dissipated 
at two places, at the tyre-road interface and at 
the brake. If the wheel does not slip at all on 
the road surface, all the energy is (ideally) dis- 
sipated at the brake. If the wheel is completely 
locked (100 per cent slip) no energy is dissipated 
at the brake, all of it being absorbed at the 
road-tyre interface. The fraction of braking 
energy absorbed at the road-tyre interface is, 
indeed, proportional to the percentage slip. 
A completely locked wheel clearly gives the 
greatest skid-resistance but this involves con- 
centrated wear and heating over a single region 
of the tyre. Asa compromise one would suggest, 
say, 80 to 90 per cent slip: the effective skid- 
resistance would be 80 to 90 per cent of the skid- 
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resistance of a fully locked wheel, but the wear 
and heating would be more uniformly dis- 
tributed. 

If the surface is mirror smooth little or no 
work will be expended in grooving the rubber 
surface and the friction will be extremely small. 
If, however, the surface of the roadway consists 
of discrete protuberances each of these will groove 
the rubber and the friction will depend on the 
nature of the protuberance and on the hysteretic 
properties of the rubber. 


NATURE OF PROTUBERANCES 


Consider the roadway to be covered with 
closely packed spherical protuberances; with 
small spheres the work done by any individual 
protuberance will be very small but the number 
of protuberances within the region of tyre road 
contact will be large. The total work done in 
the elastic “ grooving ’’ of the tyre will be the 
product of these two terms. A simple calcula- 
tion shows that this turns out to be independent 
of the size of the spheres. Thus as far as 
hysteretic losses are concerned, the scale of 
surface roughness on the road is not of great 
importance. (Of course, in practice, the texture 
must be coarse enough to allow surface water to 
escape.) Similarly if the road surface is covered 
with closely packed conical or pyramidal asperi- 
ties all of the same semi-angle, the scale of the 
roughnesses is unimportant. It must however 
be borne in mind that with pointed asperities the 
smaller the semi-angle, i.e. the sharper the 
asperity the greater the friction will be, first 
because the deformation losses will be greater 
(see Fig. 3); secondly because the sharp asperi- 
ties may penetrate the lubricant film itself. 


This aspect of road-tyre friction characteristics . 


has been very thoroughly examined by Mr. Giles 
and his associates at the Road Research Labora- 
tories in England: we shall not discuss it further 
here. ; 

It is however, important to point out that the 
analysis given above does involve two specific 
assumptions: (i) the indentation produced by 
one asperity does not appreciably interfere with 
or affect the indentations produced by other 
asperities, (ii) the load is supported by the 
asperities and not to any appreicable extent by 
flat smooth portions of roadway between asperi- 
ties. If the road is mirror-smooth with only a 
few asperities present then clearly the greater the 
number of asperities the greater the grooving 
work and the higher the hysteretic friction. 


OVERHEATING AND 
FREE ROLLING FRICTION 


If a rubber possessing high hysteretic losses is 
used for an automobile tyre there are at least 
two adverse features that must be considered. 
The first is the problem of high losses in the 
tyre with subsequent overheating, softening of 
the rubber and final bursting of the tyre. This 
disadvantage may be greatly mitigated by using 
a tyre of conventional structure and material 
possessing, in itself, low hysteretic losses and 
coating it with a tread of some material possessing 
high hysteretic losses.° 

The second problem is how to reduce the free 
rolling friction of the tyre. If the rubber tread 
has high hysteretic losses, thus ensuring a large 
frictional resistance on slippery road-ways, the 
free rolling friction will also tend to be high. 
This may be reduced to some extent by changing 
the geometry of the tyre to give a long narrow 
band of contact. 

Detailed analysis shows that the hysteretic 
losses in sliding are independent of the scale of 
the surface roughnesses provided the asperities 
are always able to produce individual discrete 
indentations in the tyre. On the other hand, 
the free rolling friction is reduced if the number 
of asperities per unit area is large, that is, if the 
texture is fine. Thus to reduce the free rolling 
friction without reducing the hysteresis com- 
ponent involved in skidding a fine texture is an 
advantage. 


There 1s, however, a limit to this. As the work 








of Mr. Giles and Miss Sabey has so well shown, 
the texture should be coarse enough for the 
water to be able to escape. It is probable that 
with fine road textures the tread pattern may 
be an important beneficial factor favouring the 
rapid expulsion of interfacial water. 


CONCLUSION 


The main point brought out in this article is 
that when well lubricated rubber surfaces slide 
over hard protuberances the major part of the 
resistance to sliding may well arise from hystereti 
losses in the rubber itself. 

Any factor, such as temperature or frequency 
of deformation which affects the hysteretic 
losses will have a corresponding effect on the 
friction. This suggests that the resistance to 
sliding on wet or slippery road surfaces may 
be considerably increased by using a tyre rubber 
which maintains a high hysteretic loss over the 
range of speeds and temperatures developed 
during operation. In order to reduce the 
tendency to overheat a duplex structure is 
suggested in which the body of the tyre has low 
losses while the tread has high losses. The free 
rolling friction of the tyre may be kept low 
both by modifying the geometry of the tyre to 
give a long narrow band of contact with the 
road surface, and by using fine texture pro- 
tuberances on the roadway. 

The author is aware of the fact that he has 
drawn rather far-reaching practical conclusions 
from simple laboratory experiments; nevertheless 
there is an increasing body of evidence supporting 


December 26, 1958 ENGINEE ING 


the view that the idea of hysteretic losses is an 
important one in enabling us to understand and 
indeed to control the friction of rubber on 
slippery surfaces. It should be possible, perhaps 
by working on these lines for the tyre manu- 
facturer and the highway engineer, starting from 
fundamental principles, to produce a combina- 
tion of tyre properties and highway characteristics 
that will ensure a greater measure cf skid 
resistance on wet or greasy roadways. 
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Rubber Hysteresis 
and Skidding Resistance 


By C. G. GILES, B.SC., A.INST.P. 
and BARBARA E. SABEY, B.sc.* 


Dr. Tabor’s paper (page 838 of this issue) on 
the role of rubber hysteresis in lubricated sliding 
represents an important step forward in the 
understanding of the mechanism of friction 
between tyre and road. In the present article 
the authors have endeavoured to illustrate some 
of its consequences in the light of the results of 
past tests and of some recent experiments which 
have been carried out at the Road Research 
Laboratory. 

The idea that temperature and skidding resist- 
ance are related in some way is far from new,’ ? 
and, as long ago as 1934, Moyer' reported a 
fairly definite increase in coefficients of friction 
with a decrease in temperature. Hitherto, how- 
ever, there has been little quantitative data on 
the magnitude of any such effect of temperature, 
and there has been no satisfactory explanation 
for it. The problem is that, whereas there 
appears to be a tendency for coefficients to 
decrease as temperature is raised, tread-rubber 
hardness, which is known to influence skidding 
resistance, changes far too little with tempera- 
ture to give an explanation, and, on the basis of 
the decrease in water-film viscosity with increase 
in temperature, one would expect an increase, 
rather than a decrease in coefficients as tempera- 
ture is raised. Moreover in considering the 
problem, it has not always been realised that it 
is necessary to make a distinction between the 
direct effect of temperature on values of skidding 
resistance and the apparent relationship that 
comes about from carrying out tests at different 
times of year when factors other than the direct 
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effect of temperature contribute to the changes 
in coefficient. 

It is now clear from laboratory tests recently 
made by the authors that the effect of temperature 
on rubber hysteresis, coupled with a recognition 
of the importance of hysteresis as a factor in 
skidding friction, gives a very complete explana- 


Fig. 1 Rebound tests on rubber 
of normal tyre-tread specification. 
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tion of this long-standing problem of the direct 
effect of temperature on skidding resistance. 

The effect of temperature on the hysteresis of 
tyre-tread rubber is illustrated in Fig. 1, which 
gives typical results of some very simple resilience 
tests. These tests were made by dropping a 
steel ball of } in diameter from a height of some 
18 in, on to a block of tread-rubber 24 in square 
and fin thick mounted on a rigid support, and 
noting the height of the first rebound of the ball. 
Tests were made over the range from 0 to 40° C 
and it will be seen that as the temperature of the 
rubber is increased, the height of rebound 
increased, that is, the greater the temperature the 
smaller the hysteresis losses in the rubber. 

How this change influences friction between 
the rubber and various wet surfaces is shown in 
Fig. 2. This figure gives the results of parallel 
friction experiments, using the Road Research 
Laboratory’s portable “‘ Skid-Resistance ” Tester 
with a slider made of the same rubber.* In this 
apparatr's the slider is mounted at the end of a 
swinging arm so that one of its edges slides, 
under a fixed load, over a fixed length of test 
surface, the conditions being such that they give 
results which have been found to correlate with 
measurements made using full-scale skidding 
vehicles. The frictional resistance between slider 
and surface is deduced directly from the loss in 
potential energy of the swinging arm, and the 
instrument is directly calibrated to read 100 times 
the effective coefficient of friction. 

Fig. 2 gives results of tests made in this way 
on four typical road surface specimens repre- 
senting a wide range of surface texture, and on 
the surface of a mirror. On all the road speci- 
mens, as the temperature rises there is a decrease 
in friction corresponding to the change in 
hysteresis loss, but the extent of the decrease 
varies from surface to surface. As Tabor 
predicts, on the mirror surface there is no 
hysteresis effect and thus no decrease in co- 
efficient. (On this surface, in fact, the friction 
shows a slight increase with temperature, possibly 
because of the decrease in water viscosity already 
mentioned.) 

These simple experiments indicate therefore, 
(1) that rubber hysteresis effects can give a simple 
explanation of the effect of temperature on 
skidding resistance and (2) that the effect will 
vary in magnitude from surface to surface, 
depending on the size of the contribution that 
hysteresis losses make to the value of the 
coefficient. 

To follow up these indications further similar 
experiments were made using a series of “* tread- 
rubber’ specimens, specially prepared by the 
British Rubber Manufacturers Research Associa- 
tion and having the same hardness but widely 
different hysteresis losses. Fig. 3 shows the 
results of rebound tests made on these rubbers; 
with rubber *‘ W93F ” the hysteresis losses are 


Fig. 2 Friction measurements on 5 
different surfaces between 0° and 40° C. 















































100-——-— —- --— - - 
i 
§ 
= 80 a 
9 
E 4 
= Pa 
a ° 
~ ° 
E pa] 
& ‘ 
& 60 ine 
: (Rough Looking a; 
ss) Bituminous Surfaces —— 
x p 
S 
= ‘ Smooth Looking 
"y 40) = Bituminous Surfaces 
: iP ies * 
: 2 of» y 
g 
4 
Ss 20 = - 
3 ro ‘ = 
Glass 
0 
0 10 20 30 40 





(S758.B) Temperature, Deg C “ENGINEERING 





especially high and are much less influenced by 
temperature. Typical results of friction measure- 
ments made with these rubbers on a wet surface 
are shown in Fig. 4. Again, bearing out Dr. 
Tabor’s predictions, the results show a very 
direct relation between friction and hysteresis 


losses with the different rubbers. The rubber 
with the greatest losses gives the highest friction 
on the wet surface and is least affected by 
temperature. 

It is clear from this that high hysteresis losses 
and high friction on wet surfaces go hand in 
hand and that, to obtain the most accurate 
results from skid testing and a standardisation 
of methods, tyre temperature and tread-rubber 
hysteresis effects are factors to which close 
attention must now be given. 


TEMPERATURE AND FULL-SCALE 
TESTS 


To follow up these indications arrangements 
are now in hand at the Road Research Labora- 
tory to make continuous observations of the 
test tyre temperature while measurements are in 
progress to see what changes can occur. 

Once equilibrium conditions have been estab- 
lished it is reasonable to expect that the tem- 
perature of the tyre will be related to that of its 
surroundings, that is, to the temperature of the 
water film over which it is travelling. This 
temperature has been recorded as a matter of 
routine for many years and the data have 
recently been examined more closely to see what 
evidence they contain about the effect of 
temperature. 

As Fig. 5 shows, at first sight the evidence, 
based on individual test results obtained on all 
types of surfaces over a period of four years, is 
not very encouraging. Compared with the wide 
differences in skidding resistance on the different 
surfaces tested at any one temperature, the effect 
of temperature is none too evident. It becomes 
more apparent, however, if the mean figures for 
all the values obtained at each temperature are 
taken. This is shown in Fig. 6, from which it 
appears that, on the average, over all the results 
for the standard tyres used on the sideway-force 
machines, there is a drop in coefficient of 0-004 
for each degree centigrade increase in tem- 
perature of the water film on which the tests 
are made. 

At best this can be only a very approximate 
estimate for the magnitude of the effect; it will 
vary from surface to surface, depending on the 
extent to which hysteresis losses contribute to 
the coefficient, and, as it is based on test results 
carried out at all times of year, it no doubt 
includes contributions from other factors besides 
the direct effect of temperature:—for example 
the effect of fine scale changes in the texture of 
the surface which take place between summer 
and winter.‘ 


OTHER ASPECTS OF RUBBER 
HYSTERESIS IN SKIDDING 


The relationship between hysteresis-and the 
temperature effect is, of course, only one of 
a number of ways in which the role of rubber 
hysteresis in tyre/road friction can be confirmed 
as an important factor. The following obser- 
vations are some additional examples which 
should be mentioned. 

Test Results on Coarse, and on Smooth- 
Textured Surfaces. -In a previous paper®> sum- 
marising the results of measurements carried 
out by the Road Research Laboratory, it was 
pointed out that, on the rough coarse-textured 
surface, which is popular in this country, a side- 
way force coefficient of 0-3 at 30 m.p.h. was 
about the lowest figure ever obtained when the 
surface was wet, even when the stones were 
very highly polished. On the smooth types of 
surface, on the other hand, coefficients as low as 
0-1, or rather less, were found from time to 
time. It was once thought that the reason for 
this difference lay simply in the greater “‘ drainage 
effect ’’ which is possessed by coarse-textured 
surfaces. To this must now be added the 
effect of hysteresis losses, which, on the coarse- 
textured surfaces, will be quite considerable 
because of the deformation of the tyre tread, 
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Fig. 4 Friction measurements on 
a rough-looking bituminous sur- 
face using three different rubbers. 


and which, on the smoothest surfaces will make 
no contribution at all. 

Dr. Tabor infers that, if anything, the con- 
tribution from hysteresis is favoured if the 
texture is fine, provided the asperities cause the 
tyre to be deformed. This raises an important 
qualification in that, on a wet road, the water 
film must first be displaced sufficiently for the 
tread rubber to be deformed by the individual 
asperities. In practice this sets a limit to the 
effectiveness of very small asperities, particularly 
at high speeds. Just how small the asperities 
may be and still retain their effectiveness at high 
speeds is as yet unresolved but it is a very 
important field of study which the Road Research 
Laboratory is following up. 

Tyre Damage in High-Speed Braking Tests.— 
In carrying out high-speed tests* it has been 
noted that when wheels are locked on wet 
surfaces at speeds above 80 m.p.h., even when 
quite low values of coefficient are obtained, the 
tread is damaged in a way which suggests heating 
and softening of the rubber just below the 
surface of the contact patch. Hitherto, it had 
been difficult to explain this but it now seems 
likely that it is the hysteresis losses within the 
tread of the tyre, and not effects on the surface 
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itself, which may well be responsible for a high 
proportion of the friction obtained under these 
conditions and which can be the primary source 
of the heating and softening of the rubber of the 
tyre tread. 

Increased Skidding Resistance with Synthetic 
Rubbers.—From the point of view of practical 
applications of the hysteresis phenomenon, 
Dr. Tabor’s contribution to the understanding 
of tyre/road friction is perhaps greatest in the 
field of synthetic rubber. With the newer 
synthetic tread-rubbers that have become avail- 
able there have been increasingly strong indica- 
tions that rubber hardness can no longer be 
regarded as the sole factor accounting for the 
observed differences in skid-resisting properties. 
Various explanations, such as the importance of 
the hydrophilic or hydrophobic properties of 
different tread-rubbers, have been advanced to 
account for these differences,’ but as Figs. 3 and 4 
show, the observed differences can be explained 
quite simply by differences experienced in hys- 
teresis losses. 

Some indication of the kind of increase in 
“‘ skid-resistance ”’” that may be obtained in 
practice by using tread-rubbers with a high 
hysteresis loss is given in the Table I, which 
summarises the typical results of some recent 
locked-wheel braking tests carried out on two 
of the most critical test surfaces on the Road 
Research Laboratory’s skidding test track. 


TABLE I.—Results of Locked-wheel Braking Tests on Two Test 
Surfaces 


Retardations measured with all wheels 
locked for one second at 30 m.p.h. 
(surfaces wet) using: 


T est § Page 

en Patterned- 
tyres with 

high hyster- 
esis loss 

tread rubber 


Convention- 
al-patterned 
tyres 


Smooth- 
tread 
tyres 


(A) Smooth-looking | 
surface on which 
conventional tread 
patterns give a 
marked increase in 
skid - resistance 
over smooth tyres 


0:35 ¢ 0-63 ¢ 0:78 g 


(B) Coarse-textured 
surface with pol- 
ished stone on 
which tread pat- 
terns give no in- 
crease in skid- 
resistance over 
smooth tyres 


0-35¢ 0-342 0-67 g 


With smooth tyres both surfaces give results 
which indicate that in wet weather skidding 
difficulties are likely to arise. Because of the 
effect of the added ‘“ drainage”’’ they give,® 
the patterned tyres give a marked improvement 
on surface A, but none on surface B, where 
“* drainage ” is already very good. On the other 
hand, with the added contribution due to the 
effects of hysteresis losses, results are greatly 
improved on both surfaces when the third set 
of tyres is used. Thus, simply by changing 
the characteristics of the tyres and making use 
of the contribution hysteresis effects can make, 
the results on these two surfaces have been 
transformed from values that would be likely 
to be associated with quite 4 high risk of skidding 
to values that would be considered as representing 
a high degree of safety. 

It seems evident therefore that, if means can be 
found of exploiting the contribution to increased 
skid-resistance that the hysteresis loss effect can 
make, a new way is opened to important advances 
in the field of skid prevention. 


RATE OF SLIP 
AND HYSTERESIS LOSS EFFECTS 


The results just considered are for locked 
wheels, and this is the condition in which it 
is to be expected at first sight that hysteresis 
losses will produce their greatest effect. Taking 
this view, it would be expected that, as the rate 





Fig. 5 Scatter diagram of test results 
obtained at different surface tempera- ° 
tures, as indicated by the temperature 
(Results of 4 years 
testing on wet road surfaces of all kinds.) 


of the water film. 
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of slip increases, there would be a corresponding 
increase in coefficients on wet surfaces, due to 
an increasing contribution from hysteresis. In 
fact, available results indicate that, with a 
braked wheel, the maximum coefficient occurs 
with the wheel on the point of locking; beyond 
this the value of the coefficient falls with an 
increase in rate of slip. This seems a puzzling 
contradiction which needs to be resolved. One 
seemingly plausible suggestion can be advanced 
on the basis of the way in which the hysteresis 
losses depend on temperature. As slip increases 
it is to be expected that there will be greater 
heating in the rubber of the contact patch; this will 
reduce the hysteresis losses and, if large enough, 
could give rise to just the kind of effect which 
is observed in practice. 


CONCLUSION 


In this article the authors have tried to give 
examples of some of the more important ways 
in which Dr. Tabor’s work on the importance 
of rubber hysteresis has contributed to a better 
understanding of the mechanism of friction 
between tyre and road. It is evident that a 
number of the problems presented by past test 
results may now be explained in terms of rubber 
hysteresis losses; in particular, the mechanism 
of the dependence of skidding resistance on 
temperature and the differences in performance 
between natural and synthetic tyres. 

In relation to testing techniques it draws 
attention to the importance of temperature 
and to the need to standardise the hysteresis 
loss properties of test tyres in addition to the 
hardness of tread-rubber. 

Finally, and most important of all, as Dr. 
Tabor suggests, his work opens up the possi- 
bility of improvements in tyre characteristics, 
which could result in greatly increased friction 


coefficients and hence greater freedom from 
skidding under wet conditions. The limited 
full-scale tests the authors have been able to 
make seem fully to confirm the possibility of such 
improvements, 
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PRODUCTION LAPPING) 


Lapping, while well known as a precision surface 
finishing process, is generally thought of in the 
* one-off’ or small-quantity context. It is, 
however, equally suitable for large-quantity 
production and can, with suitable machines, be 
operated by unskilled labour. An exhibition 
of ‘‘ Lapmaster ”’ lapping machines held recently 
by Payne Products International Limited, Law- 
rence Estate, Green Lane, Hounslow, Middlesex, 
showed how versatile a production unit the 
lapping machine has become. 

By using one or more of a range of machines, 
which differ only in size, plus special attachments 
where appropriate, lapping can be carried out 
on identical or dissimilar parts, in large or small 
quantities, and in virtually any material, ranging 
from soft non-ferrous metals and non-metallic 
materials, through the steels and harder products 
to the hardest of all the man-made materials, the 
carbides. Consistent and controlled finish to 


In its simplest form the “ Lap- 
master”’ lapping machine deals 
with flat faced components and has 
no mechanical handling devices. 





as low as one micro inch is possible. Controlled 
flatness, as determined by the Lapmaster mono- 
chromatic light of 11-6 millionths in per dark 
interference band, is to less than one light band. 
Such results are possible on work which comes 
straight from the lathe to the lapping machine; 
an intermediate grinding may not be necessary 
and may even be undesirable. 

The Lapmaster machine consists, basically, 
of a rotating lap plate on which the workpieces 
are placed, a driving mechanism and a means of 
supplying the lapping compound, which is 
delivered to the plate by a liquid carrier or 
‘“‘ vehicle.” Since the work being lapped must 
cause wear on the lap plate, rotating conditioning 
rings bear on the surface of the plate and recon- 
dition it continuously while the machine is in 
use. A range of.machines with lap plates 12, 
24, 36 and 48 in diameter makes it possible to 
deal not only with work of many different 
sizes, but to lap small components in large 
numbers when the output required is high. 

In operation the components are loaded by 
hand inside the conditioning rings, cheap 
plastics spacers being used when necessary to 
keep the workpieces from touching and abrading 
each other. Master switches controlling the 
vehicle and compound feed valve and the small 
agitator motor which keeps the liquid in motion 
in its storage tank are turned to the “on” 
position, and the time clock on the machine 
head is set to the required lapping cycle. This 
starts the lap plate rotating and opens the 
compound valve, allowing compound to flow 
down a conductor track to the side of one of 
the conditioning rings, which spreads it evenly 
over the lap plate. No further attention is 
necessary. At the end of the pre-set cycle the 
machine stops and the compound flow is cut off. 
When the workpieces have been unloaded and 
fresh ones placed in position, it is only necessary 
to re-set the time clock; the lapping cycle then 
starts automatically. It follows that unskilled 
labour can operate the machine or even several 
machines without difficulty. The attention of a 
setter is needed to determine the time cycle at 
the beginning of a production run, which is done 
simply by putting a trial batch of workpieces 
through a short cycle, and increasing the time as 


Larger machines often warrant 
the fitting of such items as pneu- 
matic lifts for the lapping weights. 
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may be necessary. A daily check of the flatness 
of the lapping plate is also necessary; any errors 
detected can be corrected by moving the condi- 
tioning ring locators. 

Numerous special fittings are available to ease 
the work of the operator, speed up machine 
throughput or accommodate workpieces of larger 
size than the machine takes with its standard 
equipment, and to take components of certain 
forms other than a simple flat surface. 

Weights are normally used on the smaller 
machines, to rest on the workpieces and provide 
the necessary lapping pressure, though in some 
instances the components are heavy enough in 
themselves. Where weights are used, especially 
in the larger sizes of machine, it may be an 
advantage to provide means of lifting and 
lowering them and the conditioning rings when 
loading and unloading the machine. This can 
be done quite simply by pneumatic cylinders 
mounted vertically over the conditioning rings. 

Some workpieces may be too large to be 
accommodated inside the conditioning rings, 
and in this case two of the rings are removed 
and the workpiece is held by a simple fixture from 
a spider bar mounted over the lap table. Simi- 
larly, workpieces may be shouldered, and cannot 
be lapped with the standard, flat cylindrical lap 
plate. In such cases a special lap plate is 
fitted, machined with grooves and lands of the 
necessary widths to work on the shoulder and 
clear the projecting part of the component. 
Simple workholders and guides retain the work 
in position during lapping. Adaptation of the 
machine in this way does not limit its general 
usefulness, for the special lap plate and work- 
holding devices are easily changed and the 
machine can then deal with work of a different 
size, or go back to plain flat work. 

A further adaptation of the lap plate and work 
holding fixtures enables concave or convex 
work to be lapped, and by fitting a disc crank 
through the centre of the lap plate a number of 
reciprocating motions can be used for lapping 
keyway-type surfaces. In an adaptation of this 
type the working surface of the lap plate is 
unaffected, and it can be used for normal flat 
lapping. It is possible, for example, to lap the 
keyway-type facings in valve bodies and to lap 
the sliding pieces used in them, simultaneously. 
Alternatively, of course, the flat lap plate can be 
used for entirely different work while the recipro- 
cating laps are operating, thus utilising to the 
full the productive capacity of the machine. 


Keyway-type faces can be 
lapped just as easily as simple 
flats, with special equipment. 
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Book Reviews 


STEPPING 


Notes on Analog-Digital Conversion Techniques. 
Edited by ALFRED K. Susskinp. The Tech- 
nology Press of the Massachusetts Institute of 
Technology and John Wiley and Sons Incorpor- 
ated, 440 Fourth Avenue, New York 16, N.Y., 
USA, $10); and Chapman and Hall Limited, 
37 Essex Street, London, W.C.2. (80s) 


In all fields of automatic control and measure- 
ment the increasing emphasis on greater accuracy 
is causing digital methods of representation 
and computation to encroach more and more on 
those areas in which analogue techniques were 
once supreme and unquestioned. Digital tech- 
niques are also of great importance in experi- 
mental investigations where a very large quantity 
of data has to be obtained and subsequently 
reduced to obtain significant information by 
means of automatic data reduction methods. 

The apparent continuity of the physical world 
and the consequent continuous methods of 
measurement by which most physical quantities 
are determined necessitate a class of devices 
for the generation of digital codes representing 
the magnitudes of the physical quantities to be 
handled digitally. Through an implicit analogy 
with the relationship between analogue and digital 
computers all such devices have come to be 
known as analogue-digital converters. 

The literature on this subject has grown 
rapidly over the past ten years and the authors 
of the present book—members of the Depart- 
ment of Engineering of MIT—have now collected 


STONES 


together descriptions of and references to most of 
the significant ideas and relevant techniques. 

For the active worker in this field probably 
the most useful chapter is that dealing with the 
mathematical study of the two unavoidable 
types of error which are introduced where 
digital representations of continuous quantities 
are made, i.e. sampling and quantising errors. 
The authors of this chapter combine a lucid 
exposition of the basic mathematical principles 
with an emphasis on those results of sampling 
and quantising which have the most noticeable 
effects in practice. Rules of thumb for deter- 
mining suitable sampling rates and quantising 
intervals are given and justified. The description 
of the folding of the frequency plane, the unavoid- 
able consequence of sampling, is particularly well 
explained; too often, brief descriptions of the 
sampling process seem to imply that signal 
frequencies in excess of half the sampling 
frequency are not represented in any way in 
the sampled output. 

The remainder of the book is more suited to 
the student who wishes to obtain a broad working 
knowledge of the subject. Chapters are included 
on conversion both from electrical signals and 
from physical displacements such as shaft rota- 
tions or linear movements. Although many 
circuit variations and systems are described in 
the first category, the greater design detail which 
is given for the converters from mechanical 
quantities leads one to suspect that the authors 
of this book have mostly been concerned with 


NEW BOOKS 


Basic Electrical Engineering. By J. SHEPHERD, 
A. H. Morton and L. F. Spence. Sir Isaac 
Pitman and Sons Limited, Pitman House, Parker 
Street, Kingsway, London, W.C.2. (27s 6d) 

Written primarily for Ordinary National Certificate 

students in electrical engineering for the S2 and $3 

years, and not as stated on page 712 in our issue of 

28 November. 


Theorie und Berechnung der Stahlbriicken. By 
ALFRED HAWRANEK and Otto STEINHARDT. 
Springer-Verlag, Reichpietschufer 20, Berlin, W.35, 
Germany. (66 DM Approximately 132s). 

A posthumous publication of Hawranek’s manuscript 

on steel bridges, 415 pages divided into 10 sections. 

Each section has its own bibliography and a detailed 

subject-index completes the book. 


Kernverfahrenstechnik. By WERNER MIALKI. Springer- 
Verlag, Reichpietschufer 20, Berlin, W.35, Germany. 
78-60 DM). (App. $157}- ; 

Deals wiih Atomic Energy, 465 pages comprising 

10 chapters, 14 tables, a short English-German 

glossary, a table of the world’s reactors (under 

types), a bibliography, and name and subject indexes 


Tables of Transport Integrals. By WILLIAM M. 
RoGers and Ropert L. POWELL. National 
Bureau of Standards Circular 595. Superintendent 
of Documents, US Government Printing Office, 
Washington 25, D.C. (40 cents) 

Another in the series of specialist tables produced 

by USGPO at a remarkably low price. These are 

obtainable for sterling through HMSO. The booklet 
consists of an explanatory introduction, the tables 
and lists of Bernoulli numbers utilised in expansions. 


International Guide to European Sources of Technical 
Information. European Productivity Agency of the 
Organisation for European Economic Co-operation, 
2 Rue Andre-Pascal, Paris, 16e, France. (16s) 


Divided into two sections, *“* General Sources ” and 
** Specialised Sources,” this guide is far from exhaus- 
tive and is, in some respects, confusing. There are 
two indexes, one by subjects and one by organisation. 
The Table of contents is in UDC order and the 
same order governs the pagination. 


British Commonwealth Welding Conference, June, 


1957. Institute of Welding, 54 Princes Gate, 
Exhibition Road, London, S.W.7. (105s) 
The text of, and discussion on, some 60 papers An 


ample index increases the value of this comprehensive 
ecllection contained in 47 pages. 


Road Research Road Note No. 1: Recommendations 
for Tar Surface Dressings. Third Edition. 
Department of Scientific and Industrial Research, 
Road Research Laboratory. Her Majesty's Sta- 
tionery Office, York House, Kingsway, London, 
W.C.2. (1s 3d) 

Successive editions of these notes give details of new 

techniques and developments. The previous edition 

was 1952. The 10 references include relevant British 

Standards. 


Tables of the Exponential Integral for Complex 
Arguments. National Bureau of Standards Applied 
Mathematics Series 51. Superintendent of Docu- 
ments, US Government Printing Office, Washington 
25, D.C. ($4-50) 

Believed to be all original tables, their computation 

was begun in 1943. The 634 pages include an intro- 

duction, a bibliography and the tables. Obtainable 
through HMSO. 


Recent Advances in the Engineering Sciences: Their 
Impact on Engineering Education. Proceedings of 
Conference on Science and Technology for Deans 
of Engineering, 9-12 September, 1957. McGraw- 
Hill Book Company Incorporated, 330 West 42nd 
Street, New York 36, N.Y., USA. ($4-50); and 
McGraw-Hill Publishing Company Limited, 95 
Farringdon Street, London, E.C.4. (37s) 

Divided into eight sections with such titles as 

** Automation and Automatic Control,” ‘* Adminis- 

trative Problems,” ‘* Thermodynamics ”’ it will be 

seen that quite a wide field is covered. Nuclear 
engineering is not omitted. No index. A book to 
read rather than a book to refer to. 


Colliery Year Book and Coal Trades Directory, 1958. 
Iliffe and Sons Limited, Dorset House, Stamford 
Street, London, S.E.1. (40s) 

This is the 36th edition and of course all statistical 
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this aspect of the subject. A notable omission 
from their description of systems of the latter 
sort, however, is a description of the crossed 
diffraction-grating method developed by Ferranti 
Limited in this country. It is a pity that no 
work in these fields undertaken outside the 
United States, appears to have been noticed by 
the authors, although a number of important 
British papers have been published. 

A short chapter on digital codes is included 
which shows the relevance of particular codes 
for particular types of converter; the book 
concludes with two chapters describing practical 
developments in the field of optical and mechani- 
cal encoders and systems which employ them. 

Several manufacturers of analogue-digital 
converters now claim accuracies of the order of 
0:01 per cent for conversion from electricai 
input signals. The unavoidable lapse of time ~ 
between publication of new designs and discus- 
sion of these designs in print is undoubtedly 
the reason why the authors only refer to conver- 
ters of an accuracy of an order less than this; 
however, some discussion of the factors control- 
ling the possible accuracy of these electrical 
converters could have been included with 
advantage. 

No doubt the omission of an index is because 
this first edition has been rapidly produced 
from expanded lecture notes, but any future 
edition would benefit by the inclusion of an 
index, and at a price of 80s is it too much to ask 
that it be in letterpress ? 


information has been brought up to date. Lord 


Mills contributes a Foreword. 


Technical Reports of the Electrical Research Asso- 
ciation, Thorncroft Manor, Dorking Road, Leather- 
head, Surrey. 

‘*The Calculation of Continuous Current Ratings 

and Rating Factors for Transmission and_Distri- 

bution Cables,” by H. Goldenberg, F/T187 (27s); 

‘The Polymerization of Organic Compounds by 

Ionizing Radiation,’ by C. E. King, L/T360 (7s 6d); 

** The Effects of Small Discharges on Some Insulating 

Materials, II at Atmospheric and Reduced Pressures,” 

by N. Parkman, L/T364 (18s); “* An Investigation 

into the Causes of Excessive Iron Losses in Elec- 
trical Machines,” by D. A. Jones, N/T77 (10s 6d); 

**An Electrical Analogue of Magnetic Domains,” 

by P. F. Davis, N/T78 (4s 6d); *“* Data Required for 

the Solution of Power System Problems,” V/T132 

(6s); ** Methods for the Calculation of Cyclic Rating 

Factors and Emergency Loading for Cables Laid 

Direct in the Ground or in Ducts,”’ by H. Goldenberg, 

F/T186. (5s) 


Industrial Equipment. Demag Aktiengesellschaft, 
Wolfgang-Reuter-Platz, Postfach 2 und 12, Duisburg, 
Germany. 

Demag immediately conjures up a picture of Ger- 

many’s heavy industry and this is, to all intents and 

purposes, a catalogue of Demag products. There 
are more pictures than text but it is a beautifully 
produced volume. Inquirers should get in touch 
with Rymag Ltd., Leadenhall House, 101 Leadenhall 
Street, E.C.3. 


Communications and Electronics Buyers’ Guide, 
Who’s Who and Reference Book, 1958-9 Edition. 
Edited by C. C. Gree. Heywood and Company 
Limited, Drury House ,Russell Street, Drury Lane, 
London, W.C.2. (105s) 


This is much larger and glossier than the usual run 
of such handbooks as it should be at such a price. 
It would certainly be handier were it cut down in 
size and bulk and would be more welcome as an 
annual at a lower cost. The amount of information 
given really puts this in the reference book category 
rather than the who’s who and buyer’s guide. 
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Entwurf und Berechnung von Stahlbauten. Vol. I: 
Grundlagen des Stahlbaues. By Fritz Stusst. 
Springer-Verlag, Reichpietschufer 20, Berlin 
W.35, Germany. (55:50 DM) 

In the grand tradition of Continental engineer- 
ing texts, this book is massive, definitive and 
exhaustive. It is the first of three volumes on 
structural steel, as used for buildings and for 
bridges, and this first volume lays down the 
foundations of properties, principles, and detailed 
behaviour of elements, as they are normally 
taught in technical universities. 

It is possible to make a guess at the shape of 
the two subsequent volumes; in particular, to 
foresee the detailed drawings of rivet groups in 
trusses or Of welded web stiffeners for plate 
girders, together with comprehensive design 
charts and tables. There are dangers in this, 
to our eyes, incredibly detailed exposition of 
engineering practice; faced with an answer (and 
an answer that is based on long experience with 
structural steel) to almost any question that the 
designer can propound, he is tempted to trust the 
manual absolutely and may soon stop all 
original throught. Under these conditions, in 
fact, design tends to become standardised, and to 
reproduce the best current practice at the time 
the book was written. 

If, as in the case of this first volume, the 
exposition is slightly conservative, then even a 
new structure will be slightly out of date. The 
long (over a hundred pages) chapter on stability 
provides an illustration. This chapter is a 
curious mixture of traditional methods with some 
of the latest developments of the theories of 
buckling. For example, the all important tor- 
sional properties of columns are given some 
prominence; but the basis of the buckling 


formulae is still the behaviour of a single length 
column, which may have little or no application 
to the design of multi-storey buildings. Admit- 
tedly it is difficult, if not impossible, to produce 
simple yet rational design methods for multi- 
length columns, but the space and relatively 
advanced mathematical treatment devoted to the 
discussion of stability seems disproportionate in 
a book of this nature. 

Again, while, for ¢xample, considerable and 
rightful emphasis is given to the use of welding 
as a method of fabrication, no mention is made of 
one of the design advantages of continuous struc- 
tures, namely, the use of plastic theory. In fact, 
virtually no mention is made of the plastic pro- 
perties of steel. 

But these comments are, perhaps, criticisms of 
an educational system rather than of a specific 
book. Judged within its own framework, this 
first volume achieves magnificently its object of 
giving the basis of structural design, to be 
synthesised later into actual constructions. The 
main themes are presented here: structure and 
properties of steel, and methods of manufacture; 
theories of breakdown, fatigue, brittle fracture, 
corrosion ; jointing methods for both riveting 
and welding. Then follows a chapter on the 
solution of the differential equations of structures, 
including the membrane and plate equations; 
and a chapter on bending, torsion, and shear. 

After the stability chapter comes a section on 
vibrations, and a chapter on calculation and 
selection of cross-sections virtually ends the 
book, although there is an epilogue outlining 
problems of fabrication and erection, correspond- 
ing to the prologue, beautifully illustrated, which 
delineates the types of structure with which the 
three volumes will deal. 


TRADE PUBLICATIONS 


Copies of any of the following trade publications are 
obtainable from the addresses given, though distribution 
is sometimes restricted. 


Engines and Pumps 


Performance Check. DUNEDIN ENGINEERING Co. 
Ltp., 51 Beauchamp Place, London, S.W.3. The 
‘* Autotester”’ checks cylinder pressures while the 
engine is running, by inserting an adaptor in place 
of the plug. Leaflet. 

Torque Converter. SELF-CHANGING GEARS LTD., 
Lythalls Lane, Coventry. Types D and DF torque 
convertors cover the power range from 15 to 
450 h.p. Leaflet gives details. 

2-55-Litre Diesel. © NEWAGE (MANCHESTER) LTD., 
6 Carlos Place, Grosvenor Square, London, W.1. 
BMC 2:55 litre industrial engine and power pack, 
developing 38-5 b.h.p. at 2,000 r.p.m. Leaflet. 

Small Pumps. CHARLES AUSTEN Pumps LTD., Peters- 
ham Works, High Road, Byfleet, Surrey. Dia- 
phragm and centrifugal pumps and compressors, 
electrically driven. Capacities, air from 1 to 23 
litres per minute; water up to 300 gallons per hour. 
Illustrated booklet. 

Marine Pumps. SIGMUND Pumps Ltb., Team Valley, 
Gateshead 11. ‘‘Sigmarina’’ automatic _ self- 
priming pumps, horizontal and vertical types. 
From 2 in (suction and discharge) to 10 in sizes. 
Publication No. 1876/2 gives dimensions and 
operating diagrams. 

Air Cooled Diesel. ENFIELD INDUSTRIAL ENGINES 
Ltp., Redditch, Worcs. The ‘350’ single 
cylinder air cooled diesel engine; speed range 
1,000 to 3,000 r.p.m. Max. b.h.p. (continuous) 4:5. 
Leaflet. 

Industrial Engines. _ NEWAGE (MANCHESTER) LTD., 
6 Carlos Place, Grosvenor Square, London, W.1. 
General brochure describing production and range 
of engines (oil and petrol) available from the firm. 

Pump Sets. MEGATOR PUMPS AND ComPRESSORS LTD., 

43 Berkeley Square, London, W.1. Pump sets 


for marine air-pressure water supplies. Ratings 
from 14 to 6 tons per hour at 65 1b per sq. in. 
Two, three or four-pump sets. Also pressure 
vessels for use with the sets. Brochure. 

Aero Engine. ARMSTRONG SIDDELEY Motors L1tp., 
Coventry. The Viper range of turbo-jet engines 
is described (in three languages) in a 20-page four- 
colour brochure. Diagrams, performance figures 
and full technical details included. 

Speed Controller. Bryce BERGER LtD., Staines; 
Middlesex. The ‘“Speedlock 36” hydraulic 
governor is suitable for engines from 500 to 
5,000 h.p. Circuits and performance curves are 
given in illustrated brochure. 


Materials 


Zinc Castings. GEORGE GOODMAN Ltp., Robin 
Hood Lane, Birmingham 28. ‘*GG MiniCasts ” 
in zinc and zinc alloys. Single cavity high speed 
technique. Leaflet. 

Steels. SANDERSON BROTHERS & NEWBOULD LTD., 
Attercliffe Steelworks, Newhall Road, Sheffield. 
Specifications of high speed, carbon and alloy 
steels. Booklet. 

Wire Ropes. British Ropes Ltp., Doncaster. 
Pocket reference book and catalogue of wire 
ropes with tables of capacity, etc. 

Belting. THE NortH British RuBBER Co. LTD., 
62/64 Horseferry Road, London, S.W.1. High 
tensile belting for conveyors; widths from 18 to 
72 in; cotton, nylon and Ustex fabrics. Tables of 
capacities and strengths. 

Non-Ferrous Metals. HENRY RIGHTON & Co. LTD., 
70/84 Pentonville Road, London, N.1. Stock 
list of non-ferrous metals, bar, tube, strip, angle, 
sheet, etc., held at the warehouse. List also gives 
tables of weight, etc. 

Screen Cloth. RicHARD HILL Ltp., Middlesbrough. 
Maxweld screen cloth, electrically welded from 
steel wire. Wire diameters from 0-128in to 
3in. Any choice of mesh. Leaflet. 












On the Shelf 


By Frank H. Smith 


One of the glossiest ‘* trade publications ”’ I have 
seen for a long time is the Jnco-Mond Magazine 
of Mond Nickel (Thames House, Millbank, 
S.W.1) but unlike the oil company magazines, 
Mond Nickel keep fairly strictly to the matter in 
hand with no light relief. Pity ! 

Each year the American Society for Testing 
Materials comes along with a magnificent biblio- 
graphy on fatigue. The 1957 effort has recently 
appeared ($3) and I think BSI can obtain these. 
But they don’t keep them in stock. 

Receipt of the November list of new ‘* Penguins” 
reminds me that I did not mention that in the 
October list they announced “ A Dictionary of 
Civil Engineering,” by John S. Scott, at 5s. 
I have not seen a copy so cannot say how good 
it is but I thought I’d mention it. 

According to Soviet News, Academician Alex- 
ander Oparin told a recent USSR Conference on 
Philosophical Problems of the Natural Sciences 
that “‘ There are reasons for believing that our 
planet has been without life for at least two-thirds 
of its existence.”” If somebody will get cracking 
with that bomb there’s a chance of this figure 
standing for all time. 

No. | (Autumn 1958) of the ‘die casting 
news ”’ (no relation to toying with fate or craps) 
is produced by the Zinc Alloy Die Casters 
Association. The title is all in lower case by 
the way so don’t blame the printer. ‘Each 
issue will describe a variety of parts made for 
different kinds of finished goods.’’ No. | takes 
parking meters scales (shopkeepers’ variety not 
piano players), a home printing machine, car 
applications, inserts and cores and a tape trans- 
criptor. It has more applications than you zinc. 

From the Publications Department of the 
University of London, | Malet Street, W.C.1, 
you may obtain—for one crown—a ‘“ Union 
List of Periodicals of Mathematics and Allied 
Subjects in London Libraries.” In the front are 
the symbols for the libraries whose holdings are 
given, with a footnote “ The libraries of the 
Institution of Civil Engineers, of the Institution 
of Mechanical Engineers and of the National 
Physical Laboratory were not able to co-operate.” 
| wonder why not? Anyway, it is a most useful 
list and contains some journals that must be 
known only to the library holding them. The 
titles are just too too utterly fantastic. 

The Newmarket Transistor Company Limited 
(Newmarket, strangely enough) has produced 

(through N. L. Meyrick of the Research Library) 
the excellent Fifteen Years of Semiconducting 
Materials and Transistors. There are four main 
headings subdivided again into necessary sub- 
headings and the whole is, apparently, a successor 
to their previous ‘‘ Ten years of etc., etc.” If 
this sort of thing had been done for all science 
since the beginning of time what a lot of labour 
would have been saved by what a lot of labour 
performed! 

If you collect refineries | suggest you write to 
Information Department, British Petroleum 
Company Limited, Britannic House, Finsbury 
Circus, London, E.C.2, and ask for a copy of 
their booklet ‘‘ B.P. Kent Refinery.” A very 
glossy production, it contrives to make one 
think that even these vast acreages are photogenic. 
A layman text explains the working in simple 
language. When I went over one of these 
places | was told that the fuller’s earth they used 
in One process was the only actual waste in the 
whole of the plant. It goes black and nothing 
can be done about it. I suggested it be sold to 
darkest Africa as talcum powder but so far 
I have received no commission. 

I see, among the latest DSIR abstracts of 
Russian literature a translation of “* Apparatus 
for determining consistency of margarine and 
butter.” Evidently even though we cannot tell 
the difference between Pelican and real butter 
the Russians have found a way round it. 
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PLANNED CHANGEOVER 


gene of an existing slabbing mill at the 
Abbey Works, of the Steel Company of 
Wales Limited, and installation on the same 
site of a larger mill was decided upon three 
years ago as part of an expansion scheme. The 
old mill had a capacity of 48,000 tons a week, 
and the new one will roll 60,000 tons in the 
same time. Installation, which was planned to 
take place in 14 days, was completed recently 
in 14 days less than the time allocated. Dis- 
mantling of the old plant, which involved 
removing 1,374 tons of equipment, was com- 
pleted in two days, and the remainder of the 
time was occupied with the erection of some 
2,375 tons of machinery, including some items 
weighing as much as 142 tons each. Since the 
entire output of the steelworks has to pass 
through the slabbing mill, some interference with 
production was necessary—hence the planning 
for very quick changeover—but the hot mill at 
Abbey Works was kept in operation by using 
stocks together with 58,000 tons of slabs bought 
from other British steelmakers. Elsewhere in 
the works the temporary hold-up was allowed 
for by reducing output and by shutting down 
selected furnaces. 

An operation of such magnitude called for 
planning of the highest order, and over a period 
of three years the changeover was worked out to 
the last detail, every item of plant and every 
movement of personnel being listed in advance. 
To ensure that all personnel concerned were 
fully briefed, and that the planned movements 
of plant would go as intended, scale models of 
both the old and the new plant were made, and 
with the aid of these models the detailed moves 
were demonstrated and rehearsed. 

Because of the lack of headroom in the 
existing mill building it was not possible to 
install a conventional universal slabbing mill, 
and the company’s engineers therefore col- 
laborated with Davy and United Engineering 
Company Limited, Sheffield, in the design of a 
mill to suit the requirements. It differs prin- 
cipally from other universal mills in that the 
drive to the vertical rolls is through a gearbox 
of unique pattern, mounted above the mill, the 
final drive to the rolls being by 10 ft long vertical 
spindles. Trial erection of the mill was carried 
out at Sheffield, and adjustments were made 
there so that everything was ready for erection 
on arrival at Abbey Works. 

Work was organised on a 3-shift basis, and 
about 1,000 men were engaged in the change- 
over; they included engineers, surveyors, fitters, 
riggers, electricians, and supply and _ service 
workers, some from the Steel Company of Wales, 
some from Davy and United and some from 
other contractors. 





An idea of the organ- 
isation involved in re- 
placing a large slabbing 
mill at Abbey Steel- 
works is given by this 
view of work inprogress. 


Only 124 days after 
dismantling started, the 
new mill, of 60,000 
tons per week capacity, 
was in full operation. 


CONVEYOR MAINTENANCE 


In coal mining, as in other industries, the use of 
conveyors has been increasing over the last few 
years until they have come to represent a large 
item in the maintenance budget. In fact, Mr. 
H. E. Longden, the director of production of the 
NCB, said recently that replacement cost of 
conveyors for the Coal Board now amounted to 
about £15 million a year, being the most expen- 
sive single item of equipment. At the coal face 
where it was liable to frequent moves and conse- 
quently was not given so much care in installation, 
the average life of a belt was 12 months; in the 
road where the belt was laid down with consider- 
able care and where it would not have to be moved 
for long periods, the average life would be as 
much as three years. Of course, some belts 
lasted longer than that but this was an average 


experience. 
Obviously therefore the maintenance and correct 
operation of conveyors was an important subject. 

Many of the points involved are very clearly 
demonstrated in a sound film that has been 
produced for the Dunlop Rubber Company by 


figure taken over many _ years 


Technical and Scientific Films Limited, in 
conjunction with the Film Producers Guild. 
It runs for 30 minutes and is not drowned by 
unnecessary background music; instead the 
extremely clear voice of the commentator is given 
*“tone”’ by a faint background of factory and 
mine noises—kept at just the right level through- 
out. The photography, much of it underground, 
is excellent and never fails to pinpoint the faults. 
The remedies are equally clear in each case. 
After a brief introduction showing the various 





properties of the material used for making belts, 
the film shows how a conveyor is erected in the 
road of a mine and then goes on to show how 
various faults such as uneven loading, misalign- 
ment of rollers, accumulation of debris below 
the belt, can cause damage and so hold up 
output. The methods of joining belt ends are 
illustrated, but the joint is still the weak point 
of a conveyor; even the welded joint, which 
of course, is not always possible to make on 
site, is not as strong as the belting itself. 
Although this film primarily illustrates the 
conditions that exist in coal mines, many of the 
points are common to all users of conveyors 
and therefore the film, which can be borrowed 
from the Dunlop Film Library at Wilton Crescent, 
London, S.W.19, should have a wide appeal. 





XUM 














Metals and Materials 


ENGINEERING December 26, 1958 


DEFECTS IN ALUMINIUM WELDS 


A new booklet entitled Classified Radiographs 
for Defects in Aluminium Welds, has been 
published by the British Welding Research 
Association, for inspectors, welding engineers, 
designers and fabricators of aluminium alloys. 
It indicates how to identify those defects in 
aluminium fusion welds which can be seeii in 
radiographs. The defects are classified, their 
origin explained and suggestions for their preven- 
tion are made. The booklet was prepared by the 
senior metallurgists of BWRA guided by a panel 
of experts from industry and government 
departments. 

Many more defects can exist in aluminium 
alloys than in mild steel, mainly because they 
can be fabricated by several different processes. 
The devising of a logical system of classification 
for these defects is, therefore, a step forward. 
The five principal groups of recognised defects 
are: Cracks; lack of fusion, including incom- 
plete root penetration; voids, including the three 
types of porosity, uniform, localized and linear, 
as well as elongated cavities and crater pipes; 
inclusions of oxide, flux or metal, the latter 


usually tungsten but sometimes copper or iron; 
and imperfect shape, including defects which 
may, or may not, be seen on visual inspection, 
depending on the joint design, such as undercut, 
excessive penetration and root shrinkage. 

Surface marks give characteristic shadows in 
radiographs, and they are therefore included 
though they are not defects. 

General indications are given of the ways in 
which the defects influence joint properties, but 
except for uniform porosity this treatment is only 
qualitative. A simple system is given for record- 
ing the severity of uniform porosity and its 
probable effect on joint efficiency. No attempt 
has been made to indicate acceptance standards 
although the booklet may well form a useful 
basis for discussions on such standards. 

The book has 53 illustrations, selected from 
several hundred radiographs provided by the 
co-operating companies, each with complete 
details of material, welding process and joint 
design. It is indexed for easy reference. It is 
free to members until February 1. 1959. and 
costs 10s to non-members of BWRA. 


IMPROVED POLYURETHANE FOAM 


The introduction of Daltolac 24 is a further 
stimulus to the growing interest in rigid poly- 
urethane foams for heat and sound insulation 
in building and general engineering, and for 
shock absorption and buoyancy in shipbuilding 
and other fields. The manufacturers of this new 
product, ICI Dyestuffs Division, Hexagon 
House, Blackley, Manchester 9, point out that 
the introduction of Daltolac 24 extends the 
range of densities which can be achieved by the 
technique of foaming in situ using the two- 
component polyurethane systems. 

Daltolac 24 contains the requisite amount of 
fireproofing agent, as incorporated in the earlier 
Daltolac 22. The new reaction catalyst and other 
additives yield a fine-textured rigid foam with 
densities between 1-8 and 2-0 1b per cu. ft when 
Daltolac 24 is mixed with the correct amounts of 
organic isocyanate, Suprasec D. The catalysts 


POLYESTER FOR CARTOGRAPHERS 


Of particular interest to cartographers and 
draughtsmen are two new photographic film 
materials called Accurene and Cronaflex, the 
first a product of E. N. Mason and Sons Limited 
of Colchester, Essex, the second of E. I. du Pont 
de Nemours and Company of Wilmington 98, 
Delaware, USA; both are polyester based and 
have high dimensional stability. The British 
film has not the high strength of the American 
product but both are significant advances over 
existing materials. As Du Pont point out, the 
polyester film will withstand 15,000 foldings 
before breaking-up, compared with 40 for the 
acetate equivalent. Mason’s say that the film 
will not age—they tested the material for five 
months—and that there is no dimensional 
change after exposure to relative humidity of 
80 per cent at 65° F. 

The polyester base has replaced glass which is 
heavy, bulky, fragile and not suitable for overlay 
work; acetate which is dimensionally unstable 
and becomes brittle; vinyl which is stable but 
becomes brittle; and sensitised cloth whose 
opacity is too high, which gives poor image 
quality, has poor durability, is subject to mildew 
and which is unsuitable for overlay werk. The 
new film based on polyesters is available either 





hitherto available for polyurethane foams have 
not only had an obnoxious smell, which made 
them unsuitable for use in badly ventilated 
spaces, but they increased the foaming rate to 
such an extent that it was difficult, if not 
impossible, to place the mix into cavities before 
foaming commenced. The catalyst used in 
Daltolac 24 has little or no odour and allows 
adequate time for mixing and pouring of the 
foam mix. ,The foams produced are competitive 
in cost with most conventional insulating 
materials, and have in addition the now well- 
established advantages of rigid polyurethane 
foams, including firm adhesion to surfaces of 
all kinds, ability to fill completely cavities of all 
shapes (so eliminating one source of heat loss 
in heat-insulation applications), avoidance of the 
transport of bulky preformed blocks and, of 
course, their generally much lighter weight. 


se 5 aune 


sensitised for photographic reproduction, or 
with a plain matt surface for the drawing office. 
Mason’s comment that use of one should 
normally imply use of the other because there is 
no benefit to be derived from using a highly 
dimensionally stable film at one stage in the 
production of a map if at some other stage there 


CHROMIUM PLATERS 
USE TITANIUM 


Use of titanium to replace lead in heating coils 
for chromium plating baths marks another foot- 
hold of this newer metal in the chemical and 
chemical using industries. Exploiting the high 
strength and corrosion resistance of titanium, the 
manufacturers claim that a tube of wall thickness 
20 s.w.g. will last indefinitely in chromium plating 
solutions, and users of coils made from such stock 
report that vats can be heated in 25 per cent less 
time than with lead coils of the same outside 
dimensions. 


PRICE REDUCTION 
for FLUORINATED 
SILICONE RUBBER 


Midland Silicones Limited have announced a 
10 per cent reduction in the price of Silastic 
LS-53, a fluorinated silicone rubber capable of 
resisting temperatures from minus 60°C to 
above 200°C. Silastic LS-53 has a remarkable 
resistance to attack by aircraft fuels, hydraulic 
fluids and petroleum-based engine oils, and 
combines the ease of fabrication of silicone 
rubbers with the solvent-resistance of fluoro- 
carbon chemicals. Since its introduction last 
year on the United Kingdom market, it has met 
the need for a heat-stable rubber for use in the 
aircraft and other industries where rubber 
parts are exposed to oils, fuels and hydraulic 
fluids at extreme temperatures. 

The price reductions made by Midland 
Silicones fall into line with those announced 
recently by their associates, Dow Corning 
Corporation of America, who developed and 
manufactured Silastic LS-53. Effective as from 


6 October, 1958, the prices for Silastic LS-53 
have been reduced to 250s per lb for 1 to 9 lb 
lots and to 245s perlb for 10 to 99 Ib lots, 
which compare with the old prices of 275s per Ib 
and 270s per Ib respectively. 









has been used a less stable film. Making use of 
this material with a temperature expansion 
coefficient of 0-05 per cent per 10° F, an American 
firm of cartographers claim that it is possible, 
with even up to five overlays and several negative- 
positive stages of production, to attain a map 
error of less than 0-5 per cent. 
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Engineering at Home 





TOWARDS ADEQUATE WIRING 


The electrical installations in most buildings 
constructed in recent years conform to the 
Wiring Regulations published by the Institu- 
tion of Electrical Engineers, 2 Savoy Place, 
London, W.C.2. However, it has never been 
possibly to specify what should be considered 
as an adequate installation in any particular 
type or size of building. In fact, it is emphasised 
in the introduction to the regulations that they are 
not intended to take the place of a detailed 
specification; so that adequacy of an installation 
has been a matter in which the customer has had 
to set his own standards. 

Unfortunately, in the atmosphere of competi- 
tive tendering, adequacy tends to suffer: inde- 
finite particulars in contracts, drawings showing 
the positions of electrical outlets immediately 
required, afford little indication of the provisions 
for future development; and savings achieved 
by a cheap tender are often illusory when full 
account is taken of the cost of future additions. 
At the same time, the preparation of a compre- 
hensive specification is often complicated— 
because of the many factors that have to be 
taken into account and the new materials and 
methods now available. In these circumstances 
many members of the IEE have urged that a 
careful re-appraisal of the situation should be 
undertaken. As a means of promoting discus- 
sion on the subject, the Institution recently held 
a Symposium on “ The Provision of Adequate 
Electrical Installations in Buildings.” Four 
papers were read and for convenience each of 
the authors confined his recommendations to 
one type of building. However. as Mr. R. A. 
Marryatt emphasised, when introducing the 
Symposium, “* many of their remarks are of more 
general application, and the Symposium should 
be regarded as a whole.” 

In a paper, “ Multi-storey Flats and Maison- 
ettes,” by Mr. C. A. Belcher, an account was 
given of a survey of the electrical equipment used 
by LCC tenants living in post-war flats in Bethnal 
Green, Stepney, Hackney, Poplar, Bermondsey, 
and Blackheath. Altogether, 79 separate house- 
holds were visited, 11 of which were living in 
one-room flats. Tables showing the number 
of electric socket outlets found in the dwellings 
are given below. 

Few of the sockets provided were used for 
two or more items of equipment (9 per cent of 
all points), and if the vacuum cleaner is not 
included, the proportion was only 7 per cent. 
Radio. television, a lamp, an iron, and a vacuum 
cleaner were the most usual items sharing a 
point. In very few instances were 2-way 
adaptors used. There was no clear-cut evidence 


TABLE I.—Number of Socket-Outlets Found in wuttnted Rooms 








Number of households using 3 socket-outlets | 37 54-3 per cent 
Number of households using 2 socket-outlets | 26 13 38-3 per cent 
Number of households using | socket-outlet. 5 | 7-4 per cent 


TABLE II.—Numbers of Socket-outlets Found in Bed-sitting 
ooms 


Number of households using 3 socket-outlets | 5 | 46 per cent 
Number of households using 2 socket-outlets 2 | 18 per cent 
Number of households using | socket-outlet . 3 | 27 per cent 
— of households using no socket- 

outlet .. : 





1 9 per cent 


that any one point was more or less used than 
the others; in fact, 16 to 20 per cent of the 
occupants periodically moved their furniture 
round in the room, using all the points in turn. 
On the whole, the number and location of the 
outlets in the living room enabled the tenants 
to use their electrical equipment in the most 
convenient way, and criticisms were not numer- 
ous. Tenants rarely complained when a piece 
of equipment such as a lamp or a radio had to 
be on a long lead. The least popular locations 
for outlet points were near the door leading to a 
balcony; in an alcove near the fireplace, which 
conveniently takes a cabinet; and in the middle 
of a wall that is likely to have a sideboard or 
other heavy piece of furniture in front of it. 
The author concluded that an allocation of 
three sockets in the living room, one in the 
kitchen (apart from the cooker control unit), 
two in each of the larger bedrooms, and one in 
the small bedroom was a reasonable basic 
allowance for flats and maisonettes built for 
letting by municipal authorities. The cost of 
such an installation when expressed as a percen- 
tage of the total cost of the dwelling is of the 
order of 2 percent. Mr. Belcher suggested that 
the substitution of a double socket-outlet for 
one of the single points in each room would 
conveniently meet such requirements as might 
be expected to arise over the next ten years. 


MAKING CONNECTIONS 


Non-ferrous compression fittings that enable the 
drain pipe made by the Key Engineering Com- 
pany Limited, designed to be used for vertical 
single-stack drainage systems are now being made 
by the company. Known as “ Key-Conex” 
fittings, they allow 1}in and 14 in waste pipes 
to be connected to standard 4 in Key drain pipe 
to form a simplified internal or external plumbing 
system. Key are located at Larkfield, Kent. 


END OF THE 186th VOLUME 
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The effect on the total cost would be an increase 
of about 0-1 per cent. 

Dwellings constructed without subsidy, for 
tenants in the higher income group, call for a 
more generous allocation of sockets. Ina paper, 
“* Houses,”” by Mr. C. C. Hyams, it was sug- 
gested that the number of socket-outlets pre. 
viously installed had almost always proved 
inadequate. The author pointed out that for 
the best use to be made of electricity in the house, 
provision must be made for the ready connection 
of any appliance in any room, and he suggested 
the numbers of outlets shown in the table below, 


TABLE II1.—Number of Socket-outlets Advocated for a House 


Living room 6 to 10 
Bedroom 3to 8 
Kitchen .. ; 6to8 
Hall and landing 1 to 3 
Garage... : lI to3 


The number of electrical appliances considered 
essential in a house in the medium price range 
continues to increase and the installation must 
be planned to provide for this need. But as 
important is the anticipation of extensions 
that may be needed in the future. Labour is 
no longer freely available for domestic employ- 
ment and its place is being increasingly taken by 
electrical equipment, so that it is unwise to 
attempt to economise on the electrical installa- 
tion. 

In a paper, ‘“* Commercial Buildings,’ by Mr. 
E. E. Jacobi, it is suggested that in such buildings 
a growth factor should be allowed, a suggestion 
that might well be adopted in domestic buildings. 
As far as the main control gear and main cables 
are concerned, Mr. Jacobi suggested that the 
position may often be covered by taking the size 
arrived at by calculation, adding 25 to 33 per 
cent, and then taking the next larger standard 
size of gear and cable to the figure obtained. 
Similarly, in a paper ‘“* Small Industrial Premises,” 
by Mr. J. A. Sharp, it was advocated that to 
cater for future load development, at least 25 per 
cent spare capacity should be allowed on main 
control gear, distribution boards and sub-mains. 
When choosing main control gear for a house, 
it is advocated that an allowance of at least 
30 per cent should be made for additional load. 


COKE BURNING SUPPLEMENT 


A 55-page supplement to the Sth edition of the 
Coke-Burning Appliances Handbook has recently 
been published by the Gas Council, | Grosvenor 
Place, London, S.W.1. The supplement is 
free and is designed for attachment to the linen 
guard at the back of the handbook. Amend- 
ments to entries in the Sth edition, published 
September, 1957, are listed, in addition to details 
of coke-burning appliances approved since 1957. 
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THE SLABBING MILL 
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4 The Slabbing Mill is the first rolling unit of any large steelworks 

AS given over to plate or strip production. One such mill now 

1S aace ota a : 

is under construction in Britain is being designed to roll 3,000,000 tons 

‘ a year. Ingots handled may weigh anything up to 25 tons each. | 
0 These, the Slabbing Mill rolls out to feed plate, strip and tinplate 
mills, on the products of which so many industries, from shipbuilding 
. to food canning, depend. 
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Builders of Capital Equipment 


for the Metals Industries DAVY-UNITED 











SHEFFIELD, MIDDLESBROUGH, GLASGOW 
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INitaa_SOUNDPROOF CABINETS 




















Industry today is more than ever aware of the danger of 


unwanted noise to health, particularly hearing ! 


Burgess engineers have been successfully combatting noise 
problems in all branches of Acoustic Engineering for a 
quarter century, this has enabled them to design the 
finest Audiometer Booth available, permitting noise levels 
at which valid audiograms or tests can be made. 


These booths are in successful operation today in industry, 
and branches of the armed services. 


¢Yy BURGESS 


FOR FULL TECHNICAL INFORMATION, APPLY ’ 


BURGESS PRODUCTS COMPANY LIMITED 
ACOUSTICAL DIVISION, BROOKFIELD ROAD, HINCKLEY, LEICS. 





MEASURED ATTENUATION IN DECIBELS (RE 0002 DYNES/CM*) 
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CRANKPIN TURNING MACHINES 


for precise and economical machining of large crankshafts 
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Fitted with the newly designed, streamlined canopy the “BROOMWADE” range 
of Portable, Rotary Air Compressor Plants is meeting with remarkable success at 
home and overseas. 

Tested on long trial runs under conditions varying from arctic to equatorial they 
have proved themselves to be of outstanding design and performance. 












Type WR 120 Rotary 
Compressor, deliver- 
ing 120 cu. ft. F.A.D. 
per minute at 100 Ib. 
per sq. in. pressure. 








ROTARY PLANTS GIVE YOU 
THESE ADVANTAGES:- 


@ CHEAPER and SIMPLER to maintain. 

@ Components REDUCED to about 50° of the reciprocating type. 
@ LIGHTER in weight, SMALLER in size. 

@ COOL, CLEAN delivered air. 


Available with outputs from 120-630 cu. ft. F.A.D. 


“BROOMWADE”’ 


AIR COMPRESSORS AND PNEUMATIC TOOLS 


Your Best Investment 


BROOM & WADE LTD : P.O. BOX No.7: HIGH WYCOMBE - ENGLAND 
Telephone: High Wycombe 1630 (10 lines) Telegrams: ‘‘Broom’’, High Wycombe, Telex. 





597 SAS 





























RicE-HYDRAULIC MACHINE TOOLS 


Unsurpassed for riveting, flanging, forming, or any purpose for which 
heavy plates, sections, etc., have to be manipulated and formed. 
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Makers of: PUMPS, ACCUMULATORS, 
RIVETERS, PRESSES, FOR FLANGING 
BENDING AND STRAIGHTENING, 


DEEP PRESSING, LEAD PIPE 


EXTRUSION, BALING STEEL SCRAP, 


WOOL, COTTON, Etc. 


FREE 
LENGTH 


DIA. OF WIRE 

spony .\ Gm, [ome] mee) |B. 

1 Lome) a4 fe) :4,.41, [em eco) 1B. 
LOAD AT LENGTH 

RATE PER INCH 


Hydraulic Flanging 
Press for Boiler and 
Tank end Plates. 
Several sizes. Any 
power. 


For LOCOMOTIVE BUILDERS, 
RAILWAY WAGON MAKERS. 
BOILERMAKERS, SHIPBUILDERS, 
TANK & GAS-HOLDER MAKERS, 
CONSTRUCTIONAL ENGINEERS, 
RAILWAYS. DOCKS, STEELWORKS, Etc. 





0/DIA. (MAX.) 


he > 


1/DIA. (MIN.) 


COMPRESSION SPRINGS 


There are no finer springs than Springs by 


ROBERT RILEY LTD., MILKSTONE SPRING WORKS, ROCHDALE, Tel: ROCHDALE 2237 (6 lines) Grams: ‘RILOSPRING’ ROCHDALE TELEX 


This photograph shows a few examples of high-quality precision springs, 

made by Riley. Some were produced to customers own specifications, others 
were the result of recommendations by the Riley design and research department. 
If you have any kind of spring problem, Riley will find the answer to it. 


(The diagram shows information required when ordering this type of spring.) 
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a AGENCIES - ANNOUNCEMENTS 
4s. per line (minimum APPOINTMENTS OPEN 
charge I6s.) BUSINESS OPPORTUNITIES - EDUCATIONAL 
Single column inch PATENTS - PUBLIC APPOINTMENTS 
PUBLIC ! UNIVERSITY COLLEGE OF GHANA rate 48s. PUBLICATIONS - TENDERS 
| Applications are invited, preferably from . _ 
APPOINTMENTS | caus: GUSEIAME, Gor tao 3s. 6d. per line (mini- APPOINTMENTS WANTED - CAPACITY 
mum charge I4s.). Single CONSULTANTS - EXPERIMENTAL WORK 
CHAIR OF ENGINEERING " inch 42s 
to organise establishment of new Department of column inch rate ? FOR SALE OR HIRE - SALES AND VALUATIONS | 
Engineering. Salary £2,500 p.a. Outfit and Family TO LET - WANTED 
MECHANICAL ENGINEER required by the | allowances. F.S.S.U. Passages for appointee and | 
National Coal Board, Reconstruction Department, | —, = a, =— ae and Lines average 6 words—!2 lines to the inch 
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will be responsible for advising and guiding the | INTER dl amen Uonnt hgh ge AF DISPLAY AND ILLUSTRATED layouts are accepted 
eight Areas in the Division on all aspects of the | INTER-UNIVERS INC. P tHE R s 
essustraction Programene. Apeticants should have | EDUCATION OVERSEAS, 29, WOBURN SQUARE COMPANY MEETINGS and PROSPECTUSES £30 per column 
had considerable experience in Mechanical Engi- | LONDON, W.C.1, from whom further particulars COPY DATE—first post Monday 
neering, preferably in colliery work and should have | May be obtained. Y 564 
the ability to assist Areas in negotiations with | REDUCED RATES for quarter, half and full pages—apply to “Engineering’’ Dept. C.A. for bookle; 
Plant Manufacturers and advise on specifications, | “Increased Readership” for full information, and details of advertisement layout service 
tenders and contracts. The successful candidate | 
will also be required to have and maintain an up-to- FEDERATION OF RHODESIA 
date knowledge of engineering techniques.— AND NYASALAND | 
Applications, stating age, education, qualifications, | 
ne present post and salary, to _ the FEDERAL P wes 
IVISIONAL CHIEF STAFF OFFICER, ‘EDERAL POWER BOARD =e . . IREW’S TINIVERQITY 
NATIONAL COAL BOARD, 3, EGLINTON THE NATIONAL goog 8 eta = | THE QUEEN’S UNIVERSITY OF BELFAsy PHY! 
CRESCENT, EDINBURGH, 12. y 569 | CANADA, OTTAWA, Division of Building Researc ‘ 
. a _— . od saa offers | The Senate of the Queen’s University of Belfas small 
| OUTSTANDING OPPORTUNITIES FOR invites applications for a of the 
| RESEARCH into aspects of heating and air} LECTURESHIP IN MECHANica, Physic 
| The Board requires the services of an Assistant | conditioning including (1) the investigation of heat ENGINEERING from Ist October, 1959. Sqlary experi 
| Civil Engineer/Hydrologist, on or about 1st March, and moisture flow and air leakage in building com-| range £900 to £1650 plus contributory Pension carries 
| 1959. He will be based at Salisbury but his duties | ponents such as walls, windows and roofs; (2) inves- | rights under the F.S.S.U. Initial placing at any Apply 
will involve travel throughout the Federation. tigations on the thermal ner ggg of oe | = on —y salary scale will depend on quaj. Re 
ine . sii - 6 ti SALARY: About £1700 p.a. according to quali- | a5 a basis for improved standards. Extensive large- | fications and experience. AMS2 
SOUTH WARWICKSHIRE HOSPITAL GROUP | «tions and experience. Pe maanocnatel aes scale laboratory facilities are available. _ Applications should be received by 20th February MARS 
will be required to become a member of and con-| Education required: Bachelor degree with honour | 1959.—Further particulars may be obtained from 
STRATFORD-ON-AVON HOSPITAI | tribute to the Board’s Pension Fund. standing in Mechanical Engineering. G. R. COWIE, M.A., LL.B., J.P., SECRETARY. 
: 2 ieee . — | DUTIES: Hydrological studies in connection| Salary will depend on qualifications, = Y5n8 ORG 
a | with the operation of the Kariba Hydro-Electric wo reply. giving ae gas ASSIS 
oes coniraq | Scheme on the Zambezi River, and in connection ENT "FICER, Nd Ni FRESE: experi 
SENIOR Baeseen (oteng resident) Cote aren d | with the development of future hydro-electric | COUNCIL, SUSSEX DRIVE, OTTAWA _ 2, partic 
(beds—163 Hospital and 80 Part Ill). WH also r aay 2 . : * ‘ANAI Please > BR-218 Y 571 
on aervinen ¢ ver ths ic Matersite | schemes. Duties will also include general admin- | CANADA. ease quote 218. o4 : —_ accust 
supervise services at nearby Monroe Devis Maternity | j trative engineering work LONDON COUNTY COUNCII ised 
Home (24 beds) and Children’s (Recovery) Hospital | “‘73"¢ ne apy, Sipe ag - ie Giga = 
(40 beds). Salary scale £655 by (5) £25 to £780. |, Ql ALIFICATIONS: The applicant should pre- ARCHITECT’S DEPARTMEN punch 
Responsible to Superintendent Engineer for main- | — = ae eee aoe rae er secs gee ae ENT _ 
tenance of engineering equipment and_ buildings. soaked 1ad substantial experience of hydrologica Vacancies for LOND 
aa = — ~~ ao vargas sone | APPLICATION: Applications should be addressed RESIDENT ENGINEERS (salary up to £109) = 
(M0. ae approve - -quivalent; have Servet 4/to THE SECRETARY, FEDERAL POWER = _|in Structural Engineering Division for work op 
recognis' apprenticeship; sound experience in | BOARD, P.O. BOX 630, SALISBURY, | THE NATIONAL RESEARCH COUNCIL OF | Housing, Schools and other important building 
maintenance and operation of steam boiler plant, / SoU7HERN RHODESIA. Applicants should give | CANADA, OTTAWA, Division of Building Research | Candidates should have B.Sc., A.M.LCE,, or 
electrical equipment, heating and hot water supplies | details of age, nationality, qualifications, experience has A.M.IStruct.E. Experience in supervision or 
and control of staff— Applications, with three| sq marital state, together with the names and| RESEARCH POSITIONS OFFERING | reinforced concrete and/or steel-framed structure 
referees, to GROUP SECRETARY, 50, HOLLY | sddresses of three persons to whom reference can} UNUSUAL OPPORTUNITIES for the develop- | on site desirable, but those with adequate knowledge 4 
WALK, LEAMINGTON SPA, 10 days after appear- | he made. ment of fundamental studies in relatively new fields. | and experience of design alone will be considered— = 
ance of this advertisement. 565 CLOSING DATE: 14th January, 1959. Y 557 | These include field and laboratory studies of heat | Application form, returnable to 20th January, 1959, 
i and moisture transfer processes in the ground; from HUBERT BENNETT, F.R.1.B.A., ARCHI- 
investigation of combined heat conduction and | TECT TO COUNCIL (REF. EK/61/58), COUNTY ees 
moisture movement in building materials. Well- | HALL, LONDON, S8.E.1. (2478) Y¥ 5% 
equipped heat and moisture transfer laboratories 
are available. ’ EXPE 
ENGINEERING, SCIENTIFIC AND TECHNICAL STAFF =| * itucstion’requirea: Honour Bachelor or Master ont 
; egree in Physics, Engineering Physics, or Mech Exam 
required at anical Engineering. — Knowledge of mathematics of i CORE 
Dounreay Experimental Reactor Establishment ee a ee oe ey ee we APPOINTMENTS WAY 
Salary will depend on qualifications. OPEN 
Please reply, giving full details, to the EMPLOY- 
= (a) ENGINEERS and PHYSICISTS = =—s MENT OFFICER, NATIONAL RESEARCH| **°°® 
to join teams engaged in operation and utilisation of the Experimental COUNCII SUSSEX DRIVE OTTAWA 2 
Power Breeder Reactor now entering its commissioning phase, and CANADA. Pl ane ‘imatic BR-219 ~ “Y 579 
the Materials Testing Reactor already in operation. — — oe sa “(=| MAINTENANCE ENGINEER, 35-40. Good 

Applicants must either have served a recognised engineering apprentice- electrical knowledge.—MARK ANTHONY & SONS, 
ship and be corporate members of a senior engineering institution or LTD., CHALK HILL, WATFORD, HERTS. 
equivalent or possess an honours degree or equivalent in physics and Y 524 
have served at least three years in suitable employment in industry. 

(Ref. 2825/32.) 

(b) ENGINEERS IMPERIAL COLLEGE OF SCIENCE 
to be responsible for the provision of mechanical engineering services AND TECHNOLOGY 
for a group of research laboratories. The work includes manufacture — 1 
and installation of prototype equipment, adaptation of standard items 
for special purposes, planned maintenance of installed plant and liaison DRAUGHTSMAN OR DESIGN ENGINEER CIVIL, CHEMICAL The | 
with research staff. . 7 . F 

A recognised engineering apprenticeship and corporate membership A draughtsman or design engineer is required for FELL 
of the Institution of Mechanical Engineers or equivalent are essential. the design and development of testing equipment and ELECTRICAL Divisi 
Managerial experience and familiarity with chemical plant, industrial special apparatus for research projects. 5 monds 
laboratories, precision engineering and general design work are Higher National Certificate (or equivalent quali- and The 1 
desirable. (Ref. 2826/J2.) fication) and a sound knowledge of —. —_ follow 

practice is required. Some knowledge of hydraulic 
Salaries: (a) and (b), between £815 (at age 25) and £1270 or i would ~ meee aires 0m = a MECHANICAL ENGINEERS rc 
£1300 and £1740, according to qualifications and experience. should be interested in new problems an heise 1 
new materials. He should also be capable of moe ne. | Can 
stress calculations and able to assist in the graphica CALTEX SE invit henre 
(<) MATHEMATICIAN or MATHEMATICAL PHYSICIST presentation of data, and the diagrammatic rep-|| Srpiications for these positions fem quall — 
to work in the field of reactor technology with particular reference resentation of apparatus, etc. Starting salary in the fied engineers under 35 with design experi- the F 
to homogeneous hydrogen moderated systems. range £800-£900 per annum. ‘ ; ence which should preferably have been two-ve 

At least a second class honours degree or equivalent and not less Applications stating age, qualifications, experience, connected with oil refineries providing their ete.) a 
than three years post-graduate experience is required, together with present position and salary should be sent to own power. The positions are initially in Clos 
an interest in applying analytical and computer methods to support PROFESSOR A. W. SKEM PTON, DEPARTMENT London, but applicants should be prepared A 
the work of an experimental team. Normal minimum age 26 years. OF CIVIL — ENGINEERING, IMPERIAL for overseas assignment later, the salary ¥ 

COLLEGE, LONDON, 8.W.7. Y 574 being commensurate with qualifications and 

Salary between £1215 and £1425 according to qualifications experience. 

and experience. Ref. 2827/J2.) Apply in writing quoting reference 

‘ LON” to CALTEX SERVICES LTD., 

(d) TECHNICIAN NS SALTEX HOUSE, : KNIGHTSBRIDGE 

to supervise the fabrication and maintenance of instrument and GREEN LONDON, 8.W.1. Y 549 
control facilities associated with rigs used for experimental approaches 

to criticality. 

Applicants must have served a recognised apprenticeship or have THE UNIVERSITY OF LIVERPOOL é 
received comparable training in electronics, preferably in light electro- . ies == 
mechanical systems maintenance. A good knowledge of the basic Applications are invited for a == 
principles of electronic circuits and pulse techniques is required. IMPERIAL CHEMICAL INDUSTRIES 
Previous experience | in the use of nuclear measuring devices, and RESEARCH FELLOWSHIPS in Physics, Chem- | 2a 
possession ofan O.N.C. or equivalent may be an advantage. istry, Biochemistry, Engineering, Metallurgy and EXPERIENCED DESIGN DRAUGHTSMEN 

Pharmacology or any related subjects. Appoint- | (MECHANICAL) required by BRITISH NYLON 
Salary £875 (at age 30 or over) to £1050. (Ref. 2828/J2.) ments will date from 1st October, 1959. The| SPINNERS, LTD. Applications are invited from 
salary will depend upon qualifications and experi- | mechanical draughtsmen who have had at least 

Contributory Superannuation. Staff housing scheme. Hotel accommodation ence, but will normally be within the range £800-| five years Drawing Office experience. Candidates § 
may be available. £1000 per annum, tegether with F.S.8.U. benefits| should preferably possess a H.N.C. or Grad. 

F and family allowances. I.Mech.E. These are permanent, pensionable 

; ' rs ; " ; Applications, three copies, stating age, details of | appointments and offer good opportunities for 

and postcard for application form quoting appropriate reference, to qualifications and experience, publications, research | progress to capable and well qualified candidates. 
ESTABLISHMENTS OFFICER, M ATOMIC work in progress and completed and an outline of The Company is sited in pleasant and rural 
ORITY, INDUSTRIAL GROUP, D.E.R.E . xed field of research work, together with | surroundings about an mos eae 

ENERGY ae GQ GCu)T" “ , te the proposed field of research work, together with | surroundings about three miles from Pontypool — 
THURSO, CAITHNESS, SCOTLAND. the names of two referees, should be received not | Unfurnished houses are available to rent in the § 
later than 14th February, 1959, by the REGISTRAR | area, and generous assistance is given towards the § 

CLOSING DATE: 5th JANUARY, 1959. from whom further particulars may be obtained. | cost of the move to this area.—Reply in writing 

(Candidates overseas who find it more convenient | to: PERSONNEL MANAGER, PONTYPOOL, Const 
Y 558 to do so may send one copy only by air mail.) Y 579 ' MON. Y 560 
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Marine experience is essential. 


contracts. 
Department is essential. 


experience should be sent in writing to:— 


OAK YARD, 


VICKERS-ARMSTRONGS (ENGINEERS) 


are seeking first class men for the following vacancies: 


SENIOR LAYOUT DRAUGHTSMAN 


for original and interesting work on marine nuclear propulsion machinery. 
Applications are invited from suitably qualified engineers who have held 
responsible posts involving drawing office procedure and contracts work. 
This post offers an opportunity to enter a 
new field presenting a constant challenge to ingenuity and designing ability. 


PLANNING AND PROGRESS ENGINEERS 


to join their technical staff in connection with marine propulsion machinery 
A knowledge of forward planning and control of a Progress 


Successful applicants will be employed in a modern and well equipped drawing office 
pleasantly situated on the South Coast, and full particulars of age, qualifications and 


THE MANAGER, VICKERS-ARMSTRONGS (ENGINEERS) LTD., 
HAZEL ROAD, ITCHEN, SOUTHAMPTON. 


LIMITED 


Y¥ 566 











pHYSICISTS required for basic design work on 
small sub-critical or exponential reactors, knowledge 
of the design of research reactors an advantage. 
Physicists with honours degree and necessary 
experience will be considered for the post which 
carries a salary commensurate with qualifications. 


ADISONNEL DEPARTMENT, _VICKERS- 
\MSTRONGS (AIRCRAFT) LIMITED, SOUTH 
MARSTON, SWINDON, WILTS. Y 545 


ORGANISATION AND METHODS 
ASSISTANT required. Must be thoroughly 
experienced in modern organisation techniques, 
particularly applicable to office administration and 
accustomed to working on own initiative. A recog- 
nised professional qualification and knowledge of 
punch card system would be advantageous. Salary 
according to experience.—Write BOX OM 438, 
AK. ADVG., 2124, SHAFTESBURY AVENUE, 
LONDON, W.C.2. Y 546 








ENGINEER SURVEY ORS required for inspection 
of Cranes and other Lifting Plant. Must have 
drawing office experience of design of Cranes, also 
National Certificate for Mechanical Engineering. 
South London or Monmouth and South Wales. 
Salary £735 to £1060 (E.S.A. Scale). Non-con- 
tributory Pension.—Apply ENG. DEPT. GENERAL 
ACCIDENT CORP., LTD., 99 ALDWYCH, W.C.2. 

Y 561 


A SENIOR ENGINEER, aged about 30-35, with 
several years experience of the aerodynamic design 
and testing of compressors and turbines required 
for the Power Jets’ Consultancy department at 
Farnborough, Hants. A responsible position cover- 
ing a wide field of interest is offered. Good salary 
and superannuation. Excellent working conditions. 
—Fullest details in confidence to the SECRETARY, 
POWER JETS (R. & D.) LTD., 25, GREEN 
STREET, LONDON, W.1. Y 539 





equipment company. 
advising 
schemes and may lead to executive position. 
engineering background, keenness and capacity for 


APPOIN 


TMENTS 


CONTINUED 














SENIOR DESIGN 


in the Chemical Engineering Section of 


deals with a variety of work concerned 


is a contributory pensions scheme and a 


COURTAULDS LIMITED 
COVENTRY 


have a vacancy for a 


hold a Higher National Certificate in Mechanical Engineering. The Drawing Office 


chemical plants for the synthetic fibres and plastics industry. 
would be responsible for the complete engineering design of his projects, including 
obtaining quotations and negotiating with outside suppliers. 


layout and of structural steelwork would be an advantage. 


APPLY LABOUR OFFICE, entrance Pridmore Road. 


DRAUGHTSMAN 


Research Department. Applicants should 


particularly with design of experimental 
Successful applicant 


A knowledge of plant 
A five-day week. There 


co-partnership scheme in operation. 


Y 567 




















SENIOR APPLICATIONS ENGINEER re- 
quired by rapidly growing London lubrication 
Post involves laying out and 
engineering of centralised lubrication 
Good 


hard work essential. Knowledge of steelworks, 


German and lubrication an advantage.—Reply in 
confidence to Managing Director stating experience, 
age and salary required.—BOX Y 553, Offices of 


ENGINEERING. 


APPOINTMENTS 
WANTED 





ELECTRICAL ENGINEERING GRADUATE, 
27, with recognised apprenticeship, seeks manage- 
ment training position in engineering. Any branch 
considered, also overseas position—BOX Y 562, 
Offices of ENGINEERING. 











EDUCATIONAL 





EXPERT TRAINING BY POST, all branches 
Professional 


engineering. Guaranteed coaching. 
Exams.— Write for FREE book: INTERNATIONAL 
CORRESPONDENCE SCHOOLS, 71, KINGS- 


WAY (DEPT. 420), LONDON, W.C2.. G771 


RESEARCH FELLOWSHIP 


at the 
ROAD RESEARCH LABORATORY, 
HARMONDSWORTH, MIDDLESEX 
SPONSORED BY 
THE REES JEFFREYS ROAD FUND 





The Rees Jeffreys Road Fund invite applications 
ora 

FELLOWSHIP, tenable at the Traffic and Safety 

Division of the Road Research Laboratory, Har- 

mondsworth, Middlesex, for a period of two years. 

The Fellow would be required to work on the 

following project: 

“To study either (a) the effect of layout of 
roads on vehicle operating costs, or (b) to study 
Toad traffic in selected New Towns.” 

Candidates should hold a 1st or 2nd Class Honours 
Degree or an approved qualification in economics, 
physics or engineering. The grant associated with 
the Fellowship would be about £2000 to cover a 
two-year period (inclusive of subsistence, travelling, 
ete.) according to circumstances. 

Closing date: 19th January, 1959. 

Applications should be addressed to:— 

DIRECTOR OF ROAD RESEARCH, 
ROAD RESEARCH LABORATORY, 
HARMON DSWORTH, 
MIDDLESEX. 


CONSULTANTS & 
EXPERIMENTAL 
WORK 










PLINT & PARTNERS LTD. 
Blakes Road, Wargrave, Berks. 
Tel: Wargrave 407 
We undertake t:.e investigation 
of special problems and the 
design and development of 
equipment involving 
MECHANISMS 
THERMODYNAMICS 
FLUID MECHANICS 





ce ee 


in our works 


EXPERIMENTAL 


and 


DEVELOPMENT WORK 
PROTOTYPES 


DESIGN, MANUFACTURE AND TEST 
SPECIAL PURPOSE MACHINES 


PRECISION ENGINEERING FROM SMALL 
SCIENTIFIC INSTRUMENTS TO 
MACHINES AND APPARATUS OF 
SEVERAL TONS 


OVER 30 YEARS EXPERIENCE 
A.I.D. AND A.R.B. APPROVED 


RESEARCH ENGINEERS LIMITED 
NORTHAMPTON GROVE, CANONBURY, N.1 











Construction of prototypes and testing carried out 
G 776 





CAN 4244/5/6 G 856 
s 
STEEL, ALUMINIUM, BRASS, SHEET 
AND OFFCUT, 10 to 24G. Small or large 
quantities Cash wayment.—DYAS & FOWLE, 
41, LOUDOUN ROAD, N.W.8. MAT 2711, 5477. 
G 663 
WANTED 
ALLEN MOBILE CRANE with fairlead and 
backactoer. Must be right-hand drive—BOX Y 573, 
Offices of ENGINEERING. 


SALES & 
VALUATIONS 





~ SHOULER AND SON 


By Minister 
Order E. we R of 
of the Supply. 
SALE BY AUCTION AT 


MELTON MOWBRAY 


(15 miles Leicester, 18 Nottingham, 16 Grantham, 


20 Stamford.) 

MACHINE TOOLS, 
WOODWORKING MACHINERY AND SPARES 
DIESEL GENERATORS, ENGINE BELTING, 

ENGINEERING AND WELDING SPARES 
now lying at 
TECHNICAL STORES DEPOT, OLD DALBY 
(6 miles Melton, 12 Nottingham, 15 Leicester, and 
near Old Dalby L.M.S. Railway Station) and 


GENERAL STORES SUB-DEPOT, BOUGHTON, 


near NEW OLLERTON, Notts 
8 miles Mansfield, 16 Nottingham, 12 Newark.) 
Including 
82 Centre and Turret Lathes; Millers; Pillar Drills; 
Hack Saws and 4,000 Blades; Universal Grinders; 
Cylinder, Bearing and other Borers; Pipe Screwers; 
Presses; Furnaces and Ovens; Lathe 
Machine Vices; Ped. Engraver; 22 kVA_ Diesel 
Generators; Woodworking Machinery; Saw Benches 
and 1,500 Saw Blades, Chain and Chisel Morticers, 
Cross Cutting and Trenching Machines, Planers 
and Thicknessers, Lathes and Spares, Band-Saw 
Blading, Plane and Iron Grinders, Leather and 
Balata Engine Belting; Washing Machine; Steam 
Press Tables; MYSTO Paint Sprayers; Universal 
Muiti-range and other Test Sets; 
Glazing Machine; Printers Feeder; 


Chain Pulley 


Blocks; Wire Slings; Box and other Stillages, Paint, | 


Carbide, B.O.C. Universal Blowpipe Cutters, 
Cartons. 


which will be Sold by Auction by 


SHOULER AND SON 


on WEDNESDAY, 14th JANUARY, 1959, 
at 10.30 a.m. prompt. 

At their AUCTION ASSEMBLY 

1, NORMAN STREET, M ’ 

ON VIEW: January 8th, 
morning of sale. 

CATALOGUES 1s. each (P.O. only, no stamps), 

obtainable from the Auctioneers (Dept. 15), 1 and 3, 

Norman Street, Melton Mowbray. Tel. 3081 (2 lines). 

, 568 


12th and 13th. and on 





Chucks and | 


Photographic | 


ROOMS, | 
ON MOWBRAY. | 





FOR SALE 
OR HIRE 


| LATTICE STEEL ERECTION MASTS (light 
| and heavy) 30 ft to 150 ft. high, for immediate 
| hire—BELLMANS, 

| GROSVENOR PLACE, S.W.1. 


FOR SALE 


|} SOLID DRAWN MILD STEEL TUBING 
0.d. L.d. Size No. of 
lengths 
| 11} in. by 104 in. 6 ft. 2 in. 67 
| 102 in. by 9% in. 3 ft. 5 in. 350 
| 9} in. by 8@ in. 2 ft. 4 in. 301 
54 in. by 5 in. 9 ft. 0 in. 15 
| 4§ in. by 34 in. 2 ft. 9 in. 166 
43 in. by 34 in. 2 ft. 9 in. 79 
| 4 in. by 2# in. 2 ft. 9 in. 512 
| 3% in. by 2 in. 2 ft. 104 in. 762 


Enquiries to BOX Y 528, Offices of ENGINEERING. 


} 
| 
| 





ASQUITH 5 ft. MODEL L.D.I 
RADIAL ARM DRILLING AND 
TAPPING MACHINE 
No. 4 morse taper. 

F. J. EDWARDS LTD., 
359-361, Euston Road, 


London, N.W.1! 
EUSton 4681 & 3771. 


G 610 











| TWO 30 FT. BY 9 FT. DIA. AND ONE [6 FT. 

| BY IOFT. BY 5S FT. WELDED STEEL STORAGE 

| TANKS. For immediate delivery from stock 

| ABELSON & CO. (ENGINEERS), LTD., 

| SHELDON, BIRMINGHAM 26. SHELDON 2424 
Y¥ 393 








TRADE AND 


CONTIN 





IN STOCK 
LATE TYPE PLANERS, SHAPERS 
AND SLOTTERS 
ATTRACTIVE PRICES 
IMMEDIATE DELIVERY 


Urquhart Lindsay & Robertson Orchat 
12 ft. by 5 ft. by 5 ft. Double Column Planing 
Machine, with 2 tool heads on cross rail and 
2 side heads, built 1946 All electric A.C./D.C 
Lancashire Dynamo drive, cutting speeds up to 
120 f.p.m. In excellent condition. 1947 machine 

STIRK “ PIONEER,” 8 ft. by 3 ft. 6 in. by 3 ft., 
Double Column Planing Machine. All electric 
split-field drive with two tool heads on cross rail, 
and R.H. sidehead; tool lifts; cutting speeds up 
to 240 f.p.m. Modern machine, unused 

BUTLER 32 in. Traversing Shaper, double head 
type, with four tables, two-motor drive, max. 
length of stroke 32 in., max. distance between 
centres of heads 7 ft. 3 in., max. bed length 12 ft., 
H.P. of motors each 20. 

BETTS 16 in. Slotter, table dia 
dia. 70 in., motor 74 

MUIR 12 in. Slotter, table dia. 
dia. 44 in., h.p. motor 74 

BUTLER 8 in. Slotter, High Production, table dia 
20 in., admits in dia. 24 in., h.p. motor 5. 

ORMEROD & in. Slotter, table dia. 15 in., 
in dia. 30 in., h.p. motor 4. 

All Slotters have automatic and hand, long. | 

and rotary table movements. 

| 
| 
| 
| 


ULRO 


32 in., admits in 


32 in., admits in 


admits 


cross, 

Offered as purchased or fully rebuilt. 

CHEAPER TO BUY NOW 
Inspection invited. 


SOAG MACHINE TOOLS LIMITED, 

JUXON STREET, LAMBETH, LONDON, 38.E.11 
*Phone: RELiance 7201. 

‘Grams: Sotoolsag, London, 8.E.11. 


it’s 


G 229 








NEW BESCO PRODUCTION ALL STEEL 
POWER GUILLOTINE, Model 312, capacity | 
364 in. by 4 in., with side frames, bed top beam, 
hold-down and base of welded steel construction. | 
Side frames are effectively tied together by the 
baseplate and the top bridge. Electrically- 
operated friction clutch incorporated in the | 
flywheel. Fitted with high slip motor for standard 
3-phase supply and push-button starter on side 
frame with stop and start buttons and warning 
light to show when the machine is running. | 
Weight approximately 24 cwt. 2 qrs. | 

BESCO HEAVY UNIVERSAL EDGING, | 
BENDING AND FOLDING MACHINE. 
Capacity 8 ft. 2 in. by 16 gauge, fitted with centre 
supporting leg to strengthen bottom bed. An} 
angle stop is titted for repetition work. Machine 
is complete with one sharp edge blade only. 
Blades are quickly interchangeable. Adjustable 
back gauge is also supplied. 

CRAIG & DONALD MODEL 400/10 ALL 
STEEL MOTORISED DOUBLE GEARED 
PRESS BRAKE, of steel plate construction. 
Arranged motor drive for 440/3/50. Pressure 





exerted approximately 400 tons. Forming 
capacity 10 ft. by 3? in. Width between side 
frames 82 in. Stroke approximately 4 in. 





Approximate weight 29 tons. 
NEW STOELTING MOTORISED PLATE 
BENDING ROLLER. Pyramid type, with 
separate motor drive to top pressure roll. | 
Arranged motor drive for 400-440/3/50. Capacity 

10 ft. by @ in. Length of rolls 10 ft. 23 in. | 
Diameter of top roll 9% in. Diameter of bottom 
rolls 7% in. Rolling speed approximately 16 ft. 
per minute. Weight approximately 91 cwt. 
TWO NEW TYPE MGA6K MOTORISED | 
GEARED SCRAP SHEARING MACHINES, 
mounted on steel fabricated 4-wheel truck for 
portable use. Arranged motor drive for 400- 
440/3/50. Capacities: rounds # in., squares 
¥ in., plates 4 in., flat bars 34 in. by 2 in., angle 
iron 14 in. by 14 in. by & in. 
WO NEW KBL.II ALL STEEL CON-) 
STRUCTION UNIVERSAL DOUBLE 
ENDED, GEARED, PUNCHING, SHEAR- 
ING, SECTION CROPPING AND | 
NOTCHING MACHINES. Arranged motor | 
drive for 400-440/3/50. Notching tools as well | 
as one punch and die are supplied as standard 
equipment. Capacity: shears plates up to % in., 
flat bars up to 5 in. by } in., crops angles at 
90 deg. 34 in. by 2? in. Length of blades 8§ in. 
Photographs of the above are available. 
favourable Hire Purchase terms can be 
obtained. 
TOOLS, NEW AND 
Description. Attractive 


T 


Very 


USED, 
Prices. 


MACHINE 
Of Every 


¥. J. EDWARDS LTD., 


359-361, EUSTON ROAD, 
LONDON, N.W.1. 
Telephone: EUSton 4681-3771. 

And at 
HOUSE, 41, WATER 
BIRMINGHAM, 3. 
Telephone: Central 7606-8. 


LANSDOWNE STREET, 


G 330 





commercial exploitation by 


CHANCERY 


| NO. 737348, 


| desires to secure commercial exploitation by Licence 


TECHNICAL: 


UED 


750 KW D.C. TURBO GENERATOR SET 
(manufactured by Metro-Vickers). Inspection 
available during normal working hours at: MOND 
NICKEL CO., LTD., CLYDACH, SWANSEA. Y 563 


ROBERTSON 7-STAGE SECTION FORMING 
MACHINE FOR SALE, with additional curving 
unit. Specially suitable for profiling and bending 
stainless steel sections. Drive is by 20 h.p. motor 
through 3-speed gearbox. Diameter of roller | 
shafts, 2 in. Length of shafts available for forming | 
rollers 8% in. Rolling speeds with 6 in. diameter 
rollers, 40, 80 and 120 ft. per min. Weight about 
114 tons.—Full details and _ illustrations from 
F. J. EDWARDS LIMITED, 35 31, EUSTON 

5 oT, 






ROAD, LONDON, N.W.1, or 41, 
BIRMINGHAM 3. 


CAPACITY 
AVAILABLE 





ACCURATE MACHINING 
Also on Models and Prototypes, &c. 
MILLING TURNING 
JIG BORING PLANING 
PRESS TOOLS, JIGS AND FIXTURES 
HORIZONTAL BORING 
GIVE US YOUR DIFFICULT JOBS 
LANDEN (ENGINEERS) LTD | 
la, AUBERT PARK, LONDON, N.5 
CANonbury 1075 G 864 | 


PATENTS 


| 
| 
| 
| 
| 


THE PROPRIETORS OF PATENT 


AND ROLLERS THEREFOR,” desire to secure 
Licence or otherwise 
in the United Kingdom.—Replies to Haseltine 
Lake & Co., 28, SOUTHAMPTON BUILDINGS, 
LANE, LONDON, W.C.2. Y 559 | 


NO. 645669, for “ STRAIGHTENING ae 





THE PROPRIETOR OF PATENT| 
for “IMPROVEMENTS IN OR} 


RELATING TO MORTAR PROJECTILES,” 





or otherwise in the United Kingdom.—Replies to | 
Haseltine Lake & Co., 28, SOUTHAMPTON 
BUILDINGS, CHANCERY LANE, LONDON, 
W.C.2. Y 576 


NO. 737349, for “IMPROVEMENTS IN OR 
RELATING TO PROJECTILES FOR MORTARS,” 
desires to secure commercial exploitation by Licence 
or otherwise in the United Kingdom.—Replies to 
SOUTHAMPTON 
LONDON, 
V7 


Haseltine Lake & Co., 28, 


| 
| 
| 
| 
| 
THE PROPRIETOR OF ile 
BUILDINGS, CHANCERY LANE, 
W.C.2. | 


CLOGGED UP? 
kemember 


WAROS 


wmght have 1#/ 





THOS. W. WARD LTD 


ALBION WORKS, SHEFFIELD 


G 871 
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CHAPMAN & HALL 


* New Books x 





MATHEMATICS 
APPLIED TO 


ELECTRICAL ENGINEERING 


by 


A. G. Warren 


M.Sc, A.M.I.E.E. F.Inst. P. 
SECOND EDITION—REVISED & ENLARGED 


Illustrated 70s. net 
The preparation of a new edition, after six impressions, has provided 
an opportunity for a thorough revision of the text. Apart from a 
general revision throughout, two chapters have been completely 
re-written (those on Operational Calculus and on Fourier Analysis), 
and a newchapter on functions of a complex variable has been added. 
There is no doubt that these revisions will add to the usefulness of a 
book so long established as a classic work of reference for electrical 
engineers. 


COMMERCIAL AND INDUSTRIAL 


PHOTOGRAPHY 
by 
David Charles 
F.R.P.S. 
415 pages Illustrated 52s. 6d. net 
This book is likely to have a wide range of appeal, but it will be of 
particular use to students, and to workers in laboratories, commercial 
studios and industrial workshops. Based on a lifetime’s experience 
of photography, Mr. Charles, Life-Fellow of the Royal Photographic 
Society, has produced a book that is completely new and covers far 
more ground than anything previously published on the subject. 


* 
From John Wiley & Sons Inc. 


ECONOMIC OPERATION 


OF POWER SYSTEMS 
by 
Leon K. Kirchmayer 


(General Electric Company, New York) 

269 pages Illustrated 96s. net 
This work discusses ‘electronic brain’ methods used by electrical 
utilities to promote economy in production. Among the matters 
dealt with are: theoretical developments and computer use in dealing 
with and solving system problems; the employment of matrix methods 
to derive transmission loss formulas, which in turn are the basis for 
computational procedures applied to computers; the proper use of 
analog and digital computers to obtain transmission loss formulas 
and generation schedules; and many new theories of power system 
operation. 


480 pages 








37 ESSEX STREET, LONDON, 


W.C.2 











PEGLER & LOUDEN LTD 


87 SHAW STREET 
LIVERPOOL 


54 BROWN STREET ——‘113 NEW BRIDGE STREET 
GLASGOW NEWCASTLE 


EN 





_— a 


\f 
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BOOTH STEELWORK 
chosen for the new ROLLS-ROYCE 


HIGH ALTITUDE TEST FACILITY OPENED | 
AT DERBY ON SEPTEMBER 26th | 
| 





The buildings which comprise the new High Altitude Test Facility of this 
world-famous company, are of all-welded rigid frame construction. The 
total weight of steel involved is approximately 1.200 tons. Consulting 
Engineers—McCLellan & Partners in Association with Merz & McLellan. 
Consulting Civil Engineers : R. T. James & Partners 


JOHN BOOTH & SONS (BOLTON) LTD. HULTON STEELWORKS 
Telephone : Bolton 1195 
Tel : Abbey 7162 


BOLTON 
London : 26 Victoria Street, Westminster, S.W.1. 








BUDENBERG 


owe (I me 










Tel.: GERrard 4822/3 





SCHAFFER 
DIAPHRAGM 


GAUGES 






\ 


Pressure Gauges in 
non-corrodible 


moulded 


plastic 


cases for the chem- 


ical and 
industries. 


BUDENBERG GAUGE COMPANY LIMITED 


BROADHEATH NR. MANCHESTER 


Regency House, 1-4 Warwick Street, London, W.| 
’Grams: Pyrometer, Piccy, London 


62 Robertson Street, Glasgow, C.2 
















































PORTLAND ROAD - NEWCASTLE UPON TYNE, 2 
CREWE HOUSE, CURZON STREET, LONDON, W.1 





OUR WORLD-WIDE SERVICE IS AT YOUR DISPOSAL FOR THE ASKING 





BRITISH PAINTS LIMITED « Apexior Division 


SYDNEY « ADELAIDE - TORONTO * DURBAN * CAPE TOWN * CALCUTTA * TRINIDAD * NEW YORK * 






DAMPNEY'S 


REGISTERED 





f[PEXIO 





allied 











dm BU? 


Someone must take the blame though—afterall, 
corrosion in the boilers indicates an expensive 
blunder on somebody’s part. 
How easy to have specified ‘‘Apexior”’ at the 
beginning. ‘‘Apexior Number 1”’ positively 
prevents corrosion in boilers and steam-raising 
plant, where wet temperatures between 175° 
and 1000°F. are encountered. Absolute protec- 
tion is assured with a yearly double coating, 
mechanicallyorbrushapplied. This also enables 
easier descaling as scale does not accumulate so 
much noradhereso firmly to Apexiorised surfaces, 
For over 50 years, leading manufacturers of 
= _ boilers and all steam-raising plant have relied 
on ‘‘Apexiof”’ to fight their corrosion battles— 
why not follow their example ? 


Send for your cepy of the “Apexior Manual” 





“‘Apexior Number 1” prevents 


corrosion in steam-raising plant 
But use ‘‘Apextor Number 3’’ 
aseenaiad for cold-wet surfaces up to 125°F. 


BPLA/33 
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Architects and Surveyors, Bradshaw Gass & Hope, FF.R.1.B.A. 
OO 
CONSTRUCTIONAL ENGINEERS 
& O 0 
The new Headquarters building for the Salford =—_ 
City Police is a fine example of modern construc- 
tion. The strength of the force can be compared 
with the solidity of this building for which we 
fabricated and erected the steelwork to the design <A 
of Bradshaw Gass & Hope, FF.R.LB.A. Mees 
se a ‘“ 
Registered Office and Works : Telephone : TRAfford Park 2341 (10 lines) 


OCEAN IRONWORKS -: TRAFFORD PARK - MANCHESTER 17 


London Office : 68 Victoria Street, S.W.1. Telephone : VICtoria 1331/2 * Technical Offices at Birmingham and Nottingham | 


dm WD 73 
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When it comes to scrap... 








cnititiih £ 








as, in the fullness of time, like all marvels of modern 
engineering, it mus/.... But why the dismay ?... 

The scrap it yields will be remelted and reborn to 

make steel for constructing even greater engineering 


marvels. ... 


Scrap for Cohen’s-Cohen’s for Scrap 


GEORGE COHEN SONS AND COMPANY LIMITED 


Experts in Scrap since 1834 


RAW MATERIALS DIVISION 





i 


OF COMPANIES 
eager onal 
—_——aa 





WOOD LANE, LONDON, W.12 - Telephone: Shepherd’s Bush 2070 - Telegrams: Coborn, Telex, London 
And at 600 Commercial Road, E.14 - Canning Town, E.16 - Southall, Middlesex - Bath - Belfast - Kingsbury 
Manchester - Hebburn - Leeds - Luton - Sheffield - Swansea - Southampton - Glasgow 








XUM 
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Speedy Service Saves. 


















When Cockburns Valves are specified, the advantages of good 
design and workmanship are reinforced by first class overhaul and 
repair service. 

Air travel makes it possible for Cockburns Service Engineers 

to be on the spot at any part of the U.K. or Continent within 

24 hours. Valves returned to Cockburns at Cardonald or North 
Shields receive immediate attention and stocks of replacement 
parts are always held at these depots. 

Cockburns Trained Engineers are available for emergency repairs 
in many Continental and Commonwealth Countries. 


There is no better service available. 


COCKBURNS VALVES 


COCKBURNS LTD - CARDONALD - GLASGOW SW1 
FISH QUAY - NORTH SHIELDS ; 





NORTH EAST DEPOT 














—————— 
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DREDGING PLANT 


TO THE LARGEST DIMENSIONS AND 
CAPABILITIES 


PATENT CUTTER SUCTION DREDGERS, PATENT DIPPER 
DREDGERS, BUCKET HOPPER DREDGERS, SUCTION 
HOPPER DREDGERS, HOPPER BARGES, PIPE LINES 

FLOATING CRANES, etc. 
































NEW BUCKETS, LINKS, PINS, GEARING, etc., 
supplied for existing Dredgers 


FLEMING & FERGUSON, Ltd., 











OIL BURNING TWIN-SCREW HOPPER DREDGER ‘“OTAKOU” SHIPBUILDERS & ENGINEERS. PAISLEY, SCOTLAND 
constructed for the : . 
FP pe i 2 "eleg. Aa la i isley”’ 
OTAGO HARBOUR BOARD, DUNEDIN, NEW ZEALAND ieee Socata A acreuenaetigegentshran 
Dimensions: 258ft. x 20ft. Hopper capacity 2,000 tons London Agents: Messrs. yal poner Sag ca House, 62 New Broad 
Speed loaded: 94 knots Dredging capacity per hour: 1,000 tons Telephone: LONDON WALL 4846 








Waste Heat Recovery Mlant 


Specialists in the design and construction of Steam-Raising Plant utilising waste gases, in the 
Gas, Chemical, and Ceramic Industries; also Iron, Steel and Non-Ferrous Metal Industries; 
Heat Recovery from internal combustion engines and similar prime movers in Land and 
Marine Installations. A direct method of increasing thermal efficiency and saving fuel. 
Consult the Specialist in Waste Heat Recovery. 


SPENCER - BONECOURT-CLARKSON LTD 


28 EASTON STREET, LONDON, W.C.! Telephone: TERminus 7466 





































Your two year 
guarantee of 
faultless work- § 
manship and : 
material. Pe 











THE MODERN EASY WORKING 
LIGHT WEIGHT GEARED BALL 
BEARING SCREW LIFTING JACK 
TYPE B.B. 140. 
CAPACITIES I5—75 TONS 


Youncs— 


(LIFTING APPLIANCES)LT (12 a 

















The Ideal Gas Controller 
available in many ranges. 
Developed in conjunction 
with the North Thames Gas : ree 
Board. Special Gas Council .s 

Test. Report available on 
request. 

Send for free illustrated 

catalogue of full range. 


Write for 
list E.B.B/1 



































THE ACCURATE RECORDING INSTRUMENT CO., | 
“Aric”? Works, Windsor Avenue, Merton, London, $.W.19. Phone: LiBerty 5661-63 














RYLAND STREET WORKS, BIRMINGHAM, 16. Tel: EDGbaston 3508-9 Grams: OLDENS, B’HAM 
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for industrial applications 












A range of high quality reducing valves, combining simple, 


robust construction with favourable control characteristics, 





Available in cast iron, bronze, carbon steel or stainless stee] 


with an extensive choice of trim materials, interchangeable 








trim types and sizes, and interchangeable control springs, 
they provide efficiently for a wide variety of applications on 


liquids, steam or gas service. In the majority of sizes the 





back pressure regulator form is also available. 

















































Body sizes: 1 in., 1} in., 2 in., 
24 in., 3 in., 4 in., 6 in., 8 in., | 


(full or reduced area trim). i i] 


Body sizes: § in., 4 in., ? in., 


1 in., (full or reduced area 


Body sizes: 1 in., 1} in., 2 in., 
23 in., 3 in., 4 in., 6 in., 8 in., 
trim). Connections : screwed, (full or reduced area trim). 
B.S.P. or A.P.I; flanged, B.S. 


T. or A.S.A. Overall operat- 


Connections: flanged B.S.T. : i} 


Connections: flanged B.S.T. 
or A.S.A. Overall operating : | 


or A.S.A. Overall operating 






ting range: temperatures up to 600°F; inlet range : temperatures up to 600° F, inlet range: temperatures up to 600° F, inlet 









pressures up to 1200 psig; reduction ratios pressures up to 300 psig., reduction ratios pressures up to 300 psig, reduction ratios 





from 1.2:1 to 10 : 1, maximum outlet from 1.2: 1 to 6:1, maximum outlet 





from 1.2: 1 to 250: 1. Maximum outlet 


pressure : 350 psig. pressure 50 psig. pressure 250 psig. 








For full particulars see publication No. 230- 





For full particulars see publication No. 228A. For full particulars see publication No. 231. 











BLAKEBOROUGH J BLAKEBOROUGH & SONS LTD BRIGHOUSE ENGLAND 


tidh 11315 
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HARLAND and WOLFF LTD. use 








WS 7 SSA 
BONS 


Our photographs by courtesy of 
Harland & Wolff Ltd. show only 
seven of the many cranes 
installed at their various works. 


** 


ne ee ec gg ot As with so many other companies whose names 
ee eee - have become household words associated with 
ee vk some vitally important industrial activity, 
Harland and Wolff Ltd.—the world renowned 
shipbuilders and engineers of Belfast—continue 
to make full use of Morris Cranes. For you 
cannot afford to have other than dependable 
mechanical handling tools when you are building 
ships—or for that matter, in any organisation 
where the lifting and moving of heavy loads is 
indispensable to production. 

Immense experience both in design and in 
application goes to the making of Morris 
cranes, and not only that of the Morris Company 
itself, but that of its associated Companies also, 
for there are few overhead crane application 
problems which have not been met and mastered 
by Morris engineers. 


















































| 
| 


a cn 
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HERBERT MORRIS LTD P.O. Box 7 LOUGHBOROUGH ENGLAND. 


INCORPORATING ROYCE LTD. AND CRAVEN BROS. (CRANE DIVISION) LTD. 
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| 

| G.E.C. Terminal Distribution Boxes are 

| designed for use in wiring installations 
where complex connections are involved in 
| circuits up to 30 amperes at 440 volts. 
They fully comply with BS.229 and are 
available in the following types:— 

CF 8011/Al 52—74 amp. 250 v. terminals 
CF 8011/A2 27—15 amp. 440 v. terminals 
CF 8011/A3 12—30 amp. 440 v. terminals 
Size: 13 in. x 54% in. x 64 in. deep; 
Weight: 18 Ibs. ' er? 


Peter ae 
RANSOMES SIMS & JEFFERIES LTO. | 
IPSWICH, ENGLAND 








WELDED STEEL PLATEWORK 
In 4” to 4” thick Mild Steel 








HOPPERS 
CYCLONES 
BEDPLATES 


oan terminal distribution boxes 
HAMES R® BARKING, ESSEX Approved by The Ministry of Power for gases of Groups Il and Ill. 


TELEPHONE : Rifplowey 30003 Certificate FLP3468 (March 1955). 
THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 





































COMPLETED LININGS TO ~, 
gee cs 
we 
Hort atts 
51 BLAST FURNACES. eos 
R ceo 
99 HOT BLAST STOVES. Pr et 
S 
52 STEEL MELTING | sa 
FURNACES. | gen 
BRICKS LAID YEARLY—I2 MILLION. | maggie 
TO 7 FEET DIAMETER | 








TATTERSALL STAFF—80 FURNACE BRICKLAYERS. 


REFRACTORY CONTRACTORS Send your enquiries to:— 


137, SOUTHFIELD ROAD, MIDDLESBROUGH. GREENWOOD’ S STANDARD GEAR CUTTING CO. LTD. 


| New Bond Street, Halifax. Telephone: Halifax 5217/8 Telegrams; “ Gears" 


General Machine Castings made to customers’ Patterns. Low Prices for Planing, Boring, Turning, ~ 
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Which of these seven would YOU use ? 


Seven steels, developed by Edgar Allen & Co., Ltd. to meet the varying requirements of moulds 
and hobs for plastics. > 





Extensive research was undertaken in conjunction with famous manufacturers of plastic mouldings 
before the specifications were finalised to ensure that every possible requirement was met by 
one or other of the seven. 


To make choice of the correct steel easy and certain, Edgar Allen’s have produced a booklet, which 
not only gives full details of each steel but also details of the plastic powders for which they are 
suitable or of the hobbing conditions, with instructions for heat treatment. For a copy of this 
invaluable booklet write for Publication 41C. 


%* The seven steels are:— A100 Mould Steel—similar to Al3 but cannot 
A1l3 Mould Steel—for cut moulds and shallow be hobbed. 
hobs. 


Imperial R.1.0. Stainless Hobbing Steel—a 


Edgar Allen Plastic Hobbing Steel—a_ general ; mone 
' r special steel used with urea and other staining 


purpose hobbing steel. 


powder. 
Double Six Master Hob Steel—non-shrinking, 
through-hardening. Double Six Die Steel—for moulds that must be 
Imperial Stainless Mould Steel—for cut moulds hard throughout but are not subject to rough 
but not suitable for hobbing. handling, and for injection moulds. 


Below — Example of mould and 
products made by the hobbing process. 


6 


Left — Moulded electrical 
contact block and mould. 


EDGAR ALLEN 


DIE STEELS 


for 


PLASTIC MOULDS 












° $8 
ad = om 
Netited, 
eg 
ro 
j 4 





Edgar Allen « Co.Limited | Iii. ceee 


IMPERIAL STEEL Wo RKS 3 S HEFFIELD i g Please post data on Die Steels for Plastic Moulds to 


r this Booklet post the coupon to-day | won... 
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100 OVER 900 psi! 


Of the power stations 
now operating at over 900 psi 
more than one hundred 
are equipped with 


HOPKINSONS’ 


BOILER MOUNTINGS 








1NDON OF f E 3 4 NOREOGLSE T Ri bee STRAND - W. C 


42) HOPKINSONS LIMITED - HUDDERSFIELD 
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Hewittic 


RECTIFIERS 











BRITISH RAILWAYS 
SOUTHERN REGION 


One of 28 substations being 
equipped with Hewittic Recti- 
fiers by the British Transport 
Commission for the Southern 
Region of British Railways. The 
photograph shows Wimbledon 
substation with one wall cut away 
to show the two 2,500 kW recti- 
fiers in this half of the building 


LONDON TRANSPORT RAILWAYS 


The 4,000 kW Bond Street substation, equipped 
exclusively with Hewittic Rectifiers. The plant 
comprises four 1,000 kW combined rectifier and 
enclosed air-cooled transformer units. This com- 
pany is also responsible for the supply and instal- 
lation of all A.C. and D.C. control gear. Some 
90,000 kW Hewittic Rectifiers have been supplied 
to the London Transport Executive. 


WALTON-ON-THAMES 
Telephone : Walton-on-Thames 760 (8 lines) 


Sociedad Anonima, Caracas. 





Pollie, Brussels 3. BRAZIL: Oscar G. Mors, Sao Paulo. BURMA: Neonlite Manufacturing & Trading Co. Ltd., Rangoon. CANADA: 
Hackbridge and Hewittic Electric Co, of Canada Ltd., Montreal; The Northern Electric Co, Ltd., Montreal, etc. CEYLON: Envee Es 
Ltd., Colombo. CHILE. Sociedad Importadora del Pacifico Ltda., Santiago. EAST AFRICA: Gerald Hoe (Lighting) Ltd., Nairobi. 
EGYPT: Giacomo Cohenca Fils, $.A.E., Cairo. FINLAND: Sahké-ja Koneliike O.Y. Hermes, Helsinki. GHANA, NIGERIA & SIERRA 
LEONE: Glyndova Ltd. GREECE: Charilaos C. Coroneos, Athens. INDIA: Steam & Mining Equioment (India) Private Ltd., Calcutta; 
Easun Engineering Co. Ltd., Madras 1. IRAQ: J. P. Bahoshy Bros., Baghdad. MALAYA, SINGAFORE & BORNEO: Harper, Gilfillan & 
Co, Ltd., Kuala Lumpur. NETHERLANDS: J. Kater E.1., Ouderkerk a.d. Amstel. NEW ZEALAND: Richardson, McCabe & Co. 
Ltd., Wellington, etc. PAKISTAN: The Karachi Radio Co., Karachi 3. SOUTH AFRICA: Arthur Trevor Williams (Pty.) Ltd., 
Johannesburg, etc. CENTRAL AFRICAN FEDERATION: Arthur Trevor Williams (Pty.) Ltd., Salisbury. THAILAND: Vichien 
Phanich Co, Ltd., Bangkok. TRINIDAD & TOBAGO: Thomas Peake & Co., Port of Spain. TURKEY: Dr. H. Salim Oker, Ankara. 
U.S.A.: Hackbridge and Hewittic Electric Co, Ltd., P.O. Box 234, Pittsburgh 30, Pennsylvania. VENEZUELA: Oficina de Ingenieria 








The electrified section of the Canadian National 
Railways, comprising some 70 track miles in the 
vicinity of Montreal Terminal is supplied with 

C. by Hewittic Rectifiers in two 3,000 kW 
substations at Central Station and Saraguay. The 
photograph shows one of the four 1,500 kW 
equipments in service. These are designed for 
operation at 3,000 volts, D.C. 


HACKBRIDGE AND HEWtITTtc ELSCTRIC CO., LIMITED 


SURREY - ENGLAND 


Telegrams — * Electric, Waiton-on-Thames 





OVERSEAS REPRESENTATIVES.—ARGENTINA: H. A. Roberts & Cia., S.R.L., Buenos Aires. AUSTRALIA: Hackbridge and 
Hewittic Electric Co., Ltd., 171, Fitzroy Street, St. Kilda, Victoria; N.S.W.: Queensland: W. Australia: Elder, Smith & Co. Ltd.; South 
Australia: Parsons & Robertson Ltd.; Tasmania: H, M. Bamford & Sons (Pty.) Ltd., Hobart. BELGIUM & LUXEMBOURG: Pierre 


| 











fi NORRIS BROS 
LTD. 


have teams available to undertake 


DESIGN, DETAILING and 
DEVELOPMENT 


in the following fields 
















Aeronautical Engineering 
Chemical Plant 
Mechanical Engineering 
Mechanical Handling 
Nuclear Engineering 
Plant Layout 
Production Tooling 
Servo Mechanisms and 
Automation 
Special Machines and Projects 
Structure and Reinforced 
Concrete, etc. 
Brochure on application 


53 VICTORIA STREET, 8.W.1 
—TEL ABBey 6132— 




















































MICROMETER BUBBLE 
CLINOMETER 


2/6P &P 


This high-precision Clinometer, made to 
stringent Government specifications in Gun 
metal, is graduated with a 20-deg. scale and 
movement. From dead centre, a fine 
reading can be taken to the nearest half- 
minute by the micrometer thimble. 

This instrument is ideal for the Toolroom, 
Machine Shop, Machine Setting and any 
angle setting which requires a high degree of 
accuracy. Supplied in Solid Hide sling case. 


UNITED TECHNICAL SUPPLIES 
Dept.E2,3 Harrow Rd., London, W.2 PADI133 
8 Queens Rd., High St,. Watford. WAT 28168 


HAMMERED OR 
HYDRAULIC PRESSED 


FORGINGS 
ah ea 


IN STEEL 
BLACK OR MACHINED 
TO 24 TONS 

















cl 
INCE FORGE CO. WIGAN 


PARKS FORGE LTO 
PROPRIETORS 

























write for leaflet to: 


C.P303 HIGH WYCOMBE, BUCKS. 





maximum air flow— 
lowest air drop— 

. positive air seal— 
one hand operation— 


+” 3" x’ sizes b.s.p. male and female connections 


a 


| N S T A N T A i R couplings %& Mechanical, Pneumatic and Hydraulic types. 


TAYLOR INDUSTRIAL CLUTCHES 


B.E.N. PATENTS LTD. (Division of Broom & Wade Ltd.) DEPT. C.6 








friction drive. 
%& The most extensively used. 
% 30 years of intensive specification. 





durability. 





TROWS UPPER WORKS 
CASTLETON - LANCS 
Phone: 57830 CASTLETON ROCHDALE 








A STEP FORWARD IN CLUTCH DESIGN 
3 The most Universal Clutch for every type of 


3% The most successful In both performance and 
















I h.p. to 500 h.p. 
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BRABY 


for Metal Plate 
and Sheet Metal 
Fabrications 


Aero Jet Engine Test Cell Silencer. One of three 
sets for Royal Danish Air Force (Made by BRABY for 
Mild Steel Plate Cyclones and Ducting supplied 


their subsidiary company, Maxim Silencers Limited). 
and erected at large Cattle Feed Mill in London. 


BRABY, with six factories located in widely separated parts of Great Britain, have, for 
more than 100 years, specialised in Metal Plate and Sheet Metal Work. 

The technical knowledge and experience of our Staff and the employment of a labour 
force of skilled craftsmen, enable Braby to provide for Industry an efficient Metal Plate 
and Sheet Metal Work manufacturing service. 


We welcome your enquiries. Pressure Cylinder supplied to Mono Pumps Limited: 


FREDERICK BRABY & COMPANY LIMITED 


Head Office : 352-364 EUSTON ROAD, LONDON, N.W.1. TELEPHONE: EUSton 3456 


FACTORIES AT: London Works, Thames Road, Crayford, Kent. TELEPHONE: Bexleyheath 7777 
Havelock Works, Aintree, Liverpool, 10. TELEPHONE: Aintree 1721 
Eclipse Works, Petershill Road, Glasgow, N. TELEPHONE: Springburn 5151 
Ashton Gate Works, Bristol, 3. TELEPHONE: Bristol 64041. And Falkirk 
TELEPHONE: MANsion House 6034 


ONE OF THE WIDE RANGE OF 


PRODUCTS OTHER OFFICES: 110 Cannon Street, London, E.C.4 (Export). 
Queen’s Buildings, 10 Royal Avenue, Belfast. TELEPHONE: Belfast 26509 
Palace Street, Plymouth. TELEPHONE: 62261 
fy 
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Most efficient- 
because it’s a 
two-stage compressor 
Most economical— 
because it’s a Holman 








The Holman T60R stationary compressor uses two-staging—the most practical method 
of air compression—to give the maximum volume of air for the minimum power. 
Two-staging, a feature possessed by all Holman stationary compressors, does more. 

It gives even torque, economical lubrication, less strain and wear, longer working life. 
Cooling is by a closed-circuit system, pressurised to 4 Ib./sq. in., which makes 
evaporation losses negligible—a major consideration when a constant water supply is 
doubtful—and obviates external pipework. 

The Holman T60R, like all Holman equipment, is built to /ast. And it’s designed to cut 
down running cost—the rea/ cost of compressed air equipment. 

That’s why engineers all over the world say that for sheer efficiency and economy in 
operation, you can’t beat a Holman. 


PAYS... WITH ITS LIFE 





PNEUMATIC EQUIPMENT 


HOLMAN BROS. LIMITED, CAMBORNE, ENGLAND 


' company in the Holman Group which has branches, 
‘nical representatives and agents throughout the United Kingdom and the world. 





phone: Camborne 2275 (10 lines). Telegrams: Airdrill, Telex, Camborne, London Office: 44 Brook Street, W.1. Telephone: HY De Park 9444 



















HK6 
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Courtesy: Engineer in Chief, 
Mersey Docks & Harbour Board 


_ If it’s Valves.... 
FOR DRY DOCKS 


In the pumping stations of many of the world’s important graving docks, including those in 
Capetown, Singapore, Southampton and Sydney, Glenfield Valves are installed to give 
efficient and reliable control during impounding and emptying operations. 

A recent notable plant for which Glenfield Sluice Valves were supplied, is the new Wallasey 
Impounding Station— illustrated above—of the Mersey Docks and Harbour Board. The 
valves—made to the order of the main contractors, Gwynnes Pumps Limited—are 60in. dia. 
hydraulically-operated units. 


Yo 1 


Cmiriek 


GLENFIELD & KENNEDY. LIMITED. KILMARNOCK 














Head Office & Works: KILMARNOCK, SCOTLAND 








Outstanding range 





of structural steel 


pe 


sections 


‘UNIVERSAL’ 


PLUS 


Ey ee eT ERC oe eee 


“ER a 


BRITISH STANDARD 
SECTIONS 


Sections from our new Universal Beam mill range frorr 
the much needed ‘H’ sections 6 in. by 6 in. up to the 
largest beams in Europe. 


These sections, available in different ‘weights’ givin; 
different load-carrying capacities, eliminate much platins 
and compounding of girders. 


In addition to Universal Beams, the mill can roll Britisk 


Standard sections. 


The illustrations show interesting comparisons on thy 


same scale. 


The red beam is 24 in. by 7} in., the largest of the Britisl 
Standard range; the yellow ‘beam is 24 in. by 12 in. 
hitherto the largest rolled in this country, but nov 
available in three weights: 160, 120 and 100 lb. per foot 
the blue beam is 36 in. by 163 in., the largest in Europe 
and is available in two weights, 260 and 230 lb. per foot 


Equally valuable are the new ‘families of columns’ 
which, like the beams, avoid the need for flange plating 


The little white section is the B.S. 3 by 14 in. (4lb.), to the sam 
scale as the others and is the smallest I section rolled by u. 


EARLY DELIVERY OF THE FULL RANGE OF SECTIONS 


ORMAN LONG 
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IN SHIPYARDS, asin every sphere of industry, Metropolitan-Vickers: 

in the forefront of electrical progress. Many advances in the design of mot 

and welding machines for shipyards owe their origin to the researt 
enterprise and experience of this great organization. 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTD = TRAFFORD PARK - MANCHESTER 17 


An A.E.I. Company 


LEADING ELECTRICAL PROGRESS 














ENGLISH STEEL FORGE AND ENGINEERING CORPORATION 


River Don Works, Sheffield 
A wholly owned subsidiary of English Steel Corporation Lid. 
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A view of the installation 


Use-Rollers 


Rolling is now accepted as an excellent FEATURES OF THE MASSEY USE-ROLLERS 
method, quick _ cheap, a oe 

material for drop forging, particularly in the . = us . 

case of long, thin, uses. Rolled uses cut out @ Quicker and more positive roller adjustment 
fullering, edging or forming and are clean, : 

semaiiel at » lla or The material °® Control and operation by foot pedal or 

is accurately distributed, no operating skill automatic trip as required 

is required, and time, labour and material 

are saved. The machine is portable, needing Well proved direct air operated friction 
no permanent mounting or foundation and t lutch 

can therefore be placed just where it is wanted aaticanian 

Massey designs include :— Automatic flood lubrication 

Steam and Compressed Air Hammers, Pneumatic, 

Power Hammers, Friction Drop Hammers, Central panel provides quick and easy 
Double-acting Steam and Compressed Air : , ; 
Drop Hammers, Forging Presses, Trimming control of motor, single or continuous 
Presses, Tyre Fixing Rolls. 


BeS.JASSEY TE? =OPENSHAW MANCHESTER ENGLAND/ 
MAKERS OF THE WORLD’S GREATEST RANGE OF FORGING PLANT] 


action, and over-run adjustment 


| 
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moving jobs easily and quickly, the sturdy, dependable 
Vickers Vigor tractor owes much of its success to an 
outstanding background of engineering achievement. 
History-making aircraft like the Viscount, Vanguard 
and VC.10 .. . fast ocean liners such as the new 
Canadian Pacific ‘Empress of England’ . . . these are 
headline news. Yet in their own fields, hundreds of 
other products of Vickers-Armstrongs are equally 
important. Whether complex or simple, each shares 
the same background of outstanding design and sound 


VICKERS-ARMSTRONGS (TRACTORS) LIMITED 
VICKERS-ARMSTRONGS (ENGINEERS) LIMITED 


ENGINEERING WITH A BACKGROUND 


DESIGNED with a capacity for doing difficult earth- 







construction; each solves critical engineering problems. 
In civil and highway engineering, clearance projects 
and other tough earthmoving jobs, the Vickers 
Vigor, powered by Rolls-Royce, helps work to go 
ahead smoothly and rapidly. 

With the Vigor there is a complete range of matched 
equipment — dozers, Vickers Onions scrapers and 
rippers—to provide greater earthmoving efficiency for 
engineering operations. These tractors are in service in 
many parts of the world. And there are world-wide 
facilities to keep the Vigor on the job. 


VICKERS-ARMSTRONGS (SHIPBUILDERS) LIMITED 
VICKERS-ARMSTRONGS (AIRCRAFT) LIMITED 


Vickers House Broadway London SWI 


TGA VA30 

















Accurate torque control 

No mechanical engagement and thus negligible wear 
Accurate torque limiting slip on overload 

Acts as brake or coupling in either direction 





D ag / 
SN, / 
iy 


netic Particle WOUPLI 


which combines:—the resilience of the hydraulic coupling and the positiveness of the 
frictional coupling. It is revolutionary in that driving and driven elements are coupled by 
magnetically-activated particles. It has these advantages :— 


Perfectly smooth operation 

No slip rings—excitation coil is stationary 
Remote control at any distance 

Dynamic and static coefficients of friction equal 


The range comprises eight standard units with torque capacities from $ to 200 lb/ft. 


SMITHS Magnetic Particle COUPLING is unique, its potentialities enormous. Let us advise 
you, therefore, how best to use it in your particular field. 


OMIT T ITS, «ss + sons cnosanoy iro 


INDUSTRIAL PRODUCTS DEPARTMENT, WITNEY, OXON. 
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contracts 


from the 


Havilland 


AIRCRAFT COMPANY LIMITED 


for 










































































VENTILATION 


Time and again, industrialists large and Among the 12,000 major Industrial 
small place repeat orders with Colt. And Organisations using Colt equipment are: 
for three good reasons. Colt ventilation 36 contracts: Pilkington Bros. Ltd. 
systems i j i , 

depend in the main on internal 7 contracts: Richard Thomas & Baldwins Ltd. 


convection currents—not external forces— 
and are therefore little affected by the 
vagaries of the wind. Colt offer an un- 


25 contracts: British Oxygen Co. Ltd. 
14 contracts: Ferranti Ltd. 


' 29 contracts: National Coal Board. 
paralleled range of ventilators. And most : Oat BOGr 
important, every Colt reccmmendation is 20 contracts: Ruston & Hornsby Ltd. 


based on a thorough analysis of the building, 15 contracts: Dorman Long & Co. Ltd. 


plant and process either from a site survey 15 contracts: Hoover Ltd. 


or drawings. Such thoroughness influences 20 contracts : Courtaulds Lid. 
firms such as the de Havilland Aircraft Co. 
Ltd. It will impress you, too. Send for a free 


manual to Dept. T33/12B 


ie ~ 


16 contracts : General Motors Ltd. 


15 contracts: Cow & Gate Lid. 





ee ee 


14 contracts: Bristol Aircraft Co. Ltd. 


\ 


19 contracts: Philips Electrical Industries Ltd. 


} COLT SRC 3080 VENTILATORS AT 


/ DE HAVILLAND AIRCRAFT CO. LTD., HATFIELD 


pana 
COLT VENTILATION LIMITED - SURBITON - SURREY - TELEPHONE: ELMBRIDGE 0161 (10 LINES) | 


D 


11 contracts: Thomas Hedley & Co. Ltd. 










BRITISH ALUMINIUM 


rO® SHhasgrxrARD BUILDINGS 








Many shipbuilders are finding Rigidal corrugated 
aluminium sheet the ideal material for cladding shipyard 
buildings. Extremely long-lived, Rigidal 

withstands salt air, and compares favourably in cost 
with materials of similar life. 

John Brown & Co (Clydebank) Ltd specified Rigidal 
for the roof and vertical cladding of their 

Prefabricating Shop. The work was carried out by 
Freeman, Morrison Ltd, who used Industrial Trough LT 
for the roof, and 3” Pitch for the side and end walls, 
some 18 tons in all. 








| 
The BRITISH ALUMINIUM Co Ltd 


N-O R FO L:K H.O.U &.-E S T J A-M £E.4°8 SQUARE LON DON 
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Extraction Pumps 





The Drysdale ‘‘Pervac” Pump has been designed for condensate extraction in 
high vacuum condensing plant where stable operation and high efficiency are 
fundamental requirements. 





The two stage arrangement is eminently suitable for this class of work as the first 
stage impeller is designed for best possible vacuum, while the second stage impeller 
k deals with external head, and its efficiency is unimpaired by consideration of 
: vacuum. 






These pumps are of the Centrifugal Split Casing type and are available in a full 
range of sizes and capacities in both vertical and horizontal types. 


DRYSDALE & CO. LTD., | 


YOKER - GLASGOW 











4 


ad 
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HEAVY DUTY 
TRANSPORT 





















MARINE DIESELS 






AIRCRAFT 







MINING 
MACHINERY 


EARTH MOVING 
EQUIPMENT 









MACHINE TOOLS 













































































Think of the clutch... 
think of SINTERLINK 


With SINTERLINK lined clutches the user can keep his 
machines and transport on the go—and his hand out of his 
pocket. The designer of those machines and that transport 
can use a smaller clutch or less plates. SINTERLINK is as 
important as that. 


Because it is metal, and because of its uniform granular 
structure, SINTERLINK ensures rapid and effective heat 
dissipation (no “‘fade”’!) infinitely longer life and greater 
gripping power under heavy duty conditions. SINTER- 
LINK clutch plates are available in the continuous band 
type, or in the unique Morgan button pattern for even 
more rapid heat dissipation. 


ANY QUESTIONS? 


. « if there are, write for informative printed matter or 
*phone for justifiably enthusiastic and knowledgeable technical 
representative 









THE FINAL FACTOR 
in power transmission P4078 SINTERLINK 


“——" VF 











MAXIMUM MARKS TO SINTERLINK FOR 


Smooth Operation ~- Stability 
High Thermal Conductivity 


Low Rate of Wear 
Ahsence of Fade 


THE MORGAN CRUCIBLE COMPANY LTD., Wandsworth Works, Point Pleasant, London, S.W.18. Phone. Van 6422 


SM 127/A 
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‘ORKOT?’ bearings first proved in rolling mills, 
are now available for bushing and general bearing 
applications. 

If your bearing problem is one of 


CHEMICAL ATTACK, 





SHAFT WEAR, 
BEARING LIFE, 





MAINTENANCE, 
; : LUBRICATION, 
..-0n an industrial site 
— BEARING POWER 
in this country... —_— 


‘ORKOT”’ may be the answer. 





Main power plant at the Wilton works of Imperial Chemical Industries Limited. | 
Boiler installation by Babcock and Wilcox Ltd., and insulated by Newalls under 
contract to Babcock and Wilcox Ltd. 


BUSHES 


Newalls 


NEWALLS INSULATION CO. LTD. | Write tol: 


CHEMICALS FROM COAL 








Head Office: WASHINGTON, CO. DURHAM. ‘UNITED COKE & CHEMICAL COMPANY LIMITED, 
pir lg capa ea (SALES DEPT., 331) P.O. BOX 136, HANDSWORTH, SHEFFIELD, 13 


et 8 OS, CEA, Aes, HENCASS WGN Fe | TELEPHONE :; WOODHOUSE (SHEFFIELD) 3211. TELEGRAMS : UNICHEM, SHEFFIELD 
BIRMINGHAM, BELFAST, BRISTOL AND CARDIFF. Agents and vendors in most markets abroad. | OB.1 
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There's Big Difference 


between this and any other 








LAST 20 to 50% 


LONGER... vet priced no 
higher than ordinary belts 








Grommet V.Beli#s 


ALL BRITISH 


TEXROPE GROMMET FRANK & CO LTD 


V-BELT DRIVES SHIPLEY YORKSHIRE 
MANUFACTURED *Phone : SHIPLEY 53141 
AND SOLD ONLY BY Grams : CLUTCH, SHIPLEY 


The demand for Thornycroft Oil Fuel 
Burning Equipment for Industrial in- 
stallations continues to increase. 


With over forty years of experience and 
the results of continuous experiment 
and research we are able to offer oil 
fuel burning equipment which is highly 
efficient, economical and safe and like 
all Thornycroft productions, a good 
engineering job. Up to 3,500 seconds 
fuel oils can be burned cleanly and 
efficiently. 


The Simplex pattern Pumping and 
Heating Unit shown here is part of the 
installation in a new boiler house at 
London Airport. 


For particulars of Industrial equipment 
write for publication SEB.99_ which 
includes a questionnaire for completion 
and return to us. 





OIL FUEL BURNING EQUIPMENT 





JOHN |. THORNYCROFT & CO. LIMITED, WOOLSTON WORKS, SOUTHAMPTON 
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WwW ire 


(Stainless) 














s Manufacturers 
of Austenitic 


Stainless Steel Wire, 


we can cover all your 


requirements to DTD, 
BS, AISI, etc., 


specifications. 


These 
specifications include 
DTD 189, DTD 489. 
DTD 549, DTD 571, 
DTD 134, DTD 2002, 

etc. 


BEE 
BS 2056, BS 1554, - 

BS 1453, W10, W111, 

E20, etc. 
e 

AISI 302, AISI 304, 
AISI 316, AISI 321, 
AISI 347, etc. 


or to your own 


AID and ARB 
oe THE BARRACKS + LANGSETT 
Telephone: SHEFFIELD 34424] 





ROAD 


Telegrams: 


with 









for the 
use of 


This picture, we are told, makes a break with cablemaking 
tradition ; that it is all wrong; that there are several 
thingamajigs which engage with several thingamabobs co-axial 
ith the mainbrace you happen to be splicing at the time. 
Leaving the “‘ Edisonized ’’ Model for the moment, and concentrating 
upon reality, it is with a frankness unsurpassed that we say ‘‘ Twist 
your cables as you may, you will twist them all the better, and faster, 
with our blessedly perfect Austenitic Stainless Steel Wire.’’ And 
think of the longer life they will lead. How less bothered you will 
be with the disapprobation of your cable slinging friends. 
Equally important to us, however, is the prestige you confer upon us 
by sending us ever increasing orders for this paragon of 
perfection, at a price, of course. You need have no 


worry ; it is as dear as any other. 


specifications . STAINLESS STEEL WIRE co. LIMITED 


° SHEFFIELD, :6 
FINEWYRE SHEFFIELD 
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We manufacture a range of pumps with capacities 
up to 30,000 barrels per day—Discharge Pressures up 


to 1,250 p.s.i. 


Mlustrated is a series of pumps supplied to the British Petroleum 
Company's Oil Refinery at Aden for pumping diesel and fuel 
oils from the refinery to the B.P. International Oil Bunkering 


installation. 


D)awson & 














B own : e Ltd Phone : Clydebank 2271/2/3 


ELGIN WORKS - CLYDEBANK 
Grams: “ Pumps ” Clydebank 
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such a wide selection of 
British made bearings 




























The spherical roller thrust bearing has one row of 
obliquely disposed rollers guided by a high flange 
on the shaft washer and running on a sphered 
track on the housing washer. It combines very 
high carrying capacity with complete self-align- 
ment. The surface of the roller end next to the 
guiding flange is so formed that the rollers are 
always separated from the flange by an oil film 
when under load. The bearing can therefore be 
used at relatively high speeds, even if the load is 
very heavy. Unlike other thrust bearings, it can 
also carry radial loads. 


Technical advice on the application of spherical 
roller thrust bearings, as well as other types of 
rolling bearings is always readily available from 
Luton or from any one of the twenty Skefko 
Branch Oifices in the British Isles. 





Support bearing for 


vertical electric generator 








THE SKEFKO BALL BEARING COMPANY LIMITED - LUTON - BEDS 


THE ONLY BRITISH MANUFACTURER OF ALL FOUR BASIC BEARING TYPES: 
BALL, CYLINDRICAL ROLLER, TAPER ROLLER AND SPHERICAL ROLLER 
Gi8i 
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METROVICK RADIANT SPACE HEATERS 
can be used in countless situations 
indoors and out where other methods 
are either too costly or impracticable. 
They provide an efficient and highly 
economical method of heating churches, 
canteens and other buildings which are 
occupied only for short, intermittent 
periods. 


A Metrovick radiant 
space heater suspended on conduit. 








At gates and entrances for watchmen Localised warmth at machines and work 
and porters, as well as for attracting benches, without the waste involved in 
custom to shops, Metrovick radiant heating unoccupied areas, is provided 
space heaters give highly efficient local by Metrovick radiant space heaters. 
warmth with economy. 


In canteens, billiard rooms and other 
areas, heating costs are confined to 
periods of actual use with Metrovick 
radiant heaters. 


The heater consists of an anodised aluminium reflector Please write for fully illustrated leaflet 


with a tubular sheathed, corrosion-resistant heating 
element and is available in 14 and 3kW ratings. 
Weighing less than 5 Ib., it is easily erected on a single ia 
1 in. conduit leading from the weather-proof, aluminium M E J RO PO L TA N ¥ C K E R S 
alloy terminal box. It can also be supplied with an 
ornamental bezel, allowing it to be mounted on conduit, 
built into the ceiling or suspended from chains. 





ELECTRICAL CO LTD TRAFFORD PARK «= MANCHESTER, 17 


An A.E.I. Company TGA/L/I £03 
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This conveyor, installed in the Cauldon 
Cement Works of Messrs. G. & T. Earle & 
Co. Ltd., has been running for 18 months, 24 hours 


per day and, to quote a letter from the Company, 







“*has given every satisfaction.’’ Dimensions: 24” x 10”, 
approximately 300’ long, last 200’ having an incline of 30°. 


Duty: 80 T.P.H., 25 F.P.M., 20 H.P. 


This conveyor, fitted with our automatic chain lubricators, is installed in the 




















Rodmell Cement Works of Messrs. Associated Portland Cement Co. Ltd. and 
has been running for 9 months, 24 hours per day. Their Works Manager has 
expressed his complete satisfaction with performance of conveyor and 
lubricators. Dimensions: 18” x 6” x 45 T.P.H. 


An 18" x 10” x 450’ centres x 100 T.P.H. conveyor has since been supplied to 
Messrs. Associated Portland Cement Co. Ltd., for White’s South African 
Portland Cement Co. Ltd. Lichtenburg Works and orders are on hand for 
two 40” x 10” catenary-type x 60’ centres continuous elevators and two 
I8” x 5” conveyors for their Johnsons Works, to be fitted 

with our latest type of lubricator. 





PATENT AUTOMATIC LUBRICATORS 
MARK I1 DESIGN There are two types, single-arm 


CLARKE, CHAPMAN & COMPANY LIMITED 
VICTORIA WORKS 


SATESHEAD CO. DURAAM Cluke Chapman 

















3 years under the most arduous conditions 


and multi-point, as illustrated, both of which give effective lubrication in the Hope Cement Works of Messrs. G. & T. Earle & Co. Ltd. 
of chain and outboard rollers with the absolute minimum of attention Both types have been exported in quantities for elevators and pig 
and unskilled operation. Mark 1 prototype has been in operation for casting machines. 


LONDON OFFICE: 
Dunster House, Mark Lane, E.C.3. 


GLASGOW OFFICE: 116 Hope Street, C.2/ 


MANCHESTER OFFICE: 8 King Street, 2. 
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PATENT GATENARY GONVEYORS 


AND LUBRICATORS 
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_we mean a true story of course 
and one that if written fully 
would be far too long to read 
because it would cover a period 
of twenty-five years of intense 
activity during which a wealth 
of experience and ‘ know-how ’ 
has been acquired about designing 
and building better equipment 
for all sorts of industrial heating 
applications for important con- 
cerns everywhere and how this 
non-stop activity continues at an 
ever-increasing pace because today 
the name “ Barlow-Whitney ” 
is the first choice in the best 
circles when it comes to:— 


Heat-treatment processing equip- 
ment of all kinds 





OVENS AND FURNACES, IMPREG- A Berlow-Whi haeh d ' 

NATION PLANTS, TROPICAL TEST- Plant typical of the many designs available for the treat 

ING CHAMBERS TINNING BATHS ment of electrical cap 0 gg — castings, and for 
’ other similar applications. 

& LEAD POTS, WAX & COMPOUND 


KETTLES. 


and many other types of equip- 
ment including, of course:— 


SPECIAL PROCESS PLANT TO MEET 
REQUIREMENTS. 


Write for further details quoting reference 22 C, 








BARLOW-WHITNEY LTD. 2, Dorset Sq London N.W.1. 
Tel: AMBassador 5485-6 Works, London & Bletchley 


M3 
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A story to TELL! 


















































The ‘‘acid” test of the Mono Pump is the great numbers 
It passes this test with the aid of a 


used in Industry. 


team of technicians and by laboratory tests to assess 
the correct , use 







MONO 


Mono House, 


Telephone. Clerkenwell 8911 


of the right materials. After making 


has been sold. 


sure the pump fits the job, service 
does not end there 
—we always take 
an interest in 

the pump after it 


PUMPS LIMITED 
Sekforde Street, London, E.C.|I 


Telegrams; Monopumps, ’Phone, London 


and at BELFAST, BIRMINGHAM, CAPETOWN, DUBLIN, DURBAN, 
GLASGOW, JOHANNESBURG, MANCHESTER, MELBOURNE, 


NEWCASTLE, WAKEFIELD 
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For almost forty years Spenborough 
have been in the forefront of the design, 
development and manufacture of 
hydraulic mechanisms. Our long 
experience in producing Rams, Pumps 
and Valves is freely available to all 
users of Hydraulic Systems and 
enquiries are invited for precision-built 
equipment of the highest efficiency. 


. Group Control Valve Type 872 in series form for 


capacities up to 25 g.p.m., at 2,000 Ib/p.s.i. Positive 
control, spring return to levers, and with master 
and auxiliary relief valves incorporated. 


. Single and Double Acting Hand Pumps. 


. Rotary Swash Plate Pump with 4, 6, 8 and 10 
plungers. 





Double Acting Hydraulic Rams with special end 
fittings. 


SPENBOROUGH ENGINEERING CO. LTD. 
HECKMONDWIKE, YORKSHIRE 
PHONE: HECKMONDWIKE 924/5 GRAMS: UNION 
LONDON & S.E. COUNTIES: B. B. SALES LTD., 
88 CLAPHAM ROAD, LONDON, S.W.9. 
PHONE AND GRAMS: RELIANCE 2512 
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opposed 
ei 
piston 
turbo charged 
engine 
Six cylinders. 650 mm bore. 
2,320 min:combined stroke. 
115 r.p.m. 8,000 b.h.p. 8,700 i.h.p. 


92%-mechanical efficiency. 
125 Ib./sq. in. m.i.p. 


WILLIAM DOXFORD & SONS 
(SHIPBUILDERS) LTD 


SUNDERLAND ENGLAND 
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WILLIAM DOXFORD & SONS 


(ENGINEERS) LTD 
































This precision machining of a crankshaft 
is typical of the high standard of 
workmanship offered by Plowright. 


With craftsmen capable of working to a 
tolerance of -0005” and the facilities 

of modern engineering workshops, 
Plowright are able to undertake most 
types of machining and fabrication. 













TELEPHONE 7161 TELEGRAMS ‘PLOWRIGHT’ 


ondon Office: 
197 Knightsbridge, London, “7 W.7 Tel: Knightsbridge 2525 





SUNDERLAND ENGLAND. 
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ul il | BROTHERS LIMITED 


ENGINEERS CHESTERFIELD 
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Left: Liquor cooler in course of SITE ERECTION BY 


erection, using 20 ton mobile crane. 


SS 
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Below : Site erection of Steel 
Silos at a Cement Factory. 





Consult Rileys of Batley 
for the design, manufacture, 
supply and erection of 
Plant and Equipment, as well 
as all requisite auxiliaries. 
We offer a comprehensive 
service to the 
Chemical, Fuel, Power, 
Petroleum, By-Products, 
and other Industries. 
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A. J. RILEY & SON LTD. 


VICTORIA WORKS, BATLEY, YORKSHIRE 











Top section of cooler arriving at site for erection, subsequently all cir- 





cumferentia! joints of the assembled cooler were welded inside and out. Telephone: BATLEY 657 (3 lines). Telegrams: BOILERS, BATLEY 
re ’ 
| 
° ¢ wf 
7 / ooo coe 


: | The controls of the Peckett Diesel 
} Locomotive are easy to handle=no 
special manipulation of throttle or 





clutch is required for gear changing. 



























" The various control levers have 
been carefully grouped for 
maximum convenience and are 


duplicated on either side of the control desk. In conjunction with the extra- 
ordinary all-round vision from the fully-enclosed cab, this simplicity greatly 
minimises fatigue and mental distraction, and ensure the fullest output from 


London Representatives: driver and locomotive. 


Ferguson, Palmer & Kefford, Locomotive House, Buckingham Gate, London, $.W.1. ViCtoria 5278/9 
PECKETT & SONS LIMITED, ATLAS LOCOMOTIVE WORKS, ST. GEORGE, BRISTOL 5. Tel: 65-5346. ’Grams: ‘‘Peckett” Bristol 
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DYSON 
TRAILERS 


THE BEST OF HAUL 
INVESTMENTS 








R. A. DYSON & CO., LTD. 
LIVERPOOL 














LOCOMOTIVES [J 


Designers and Builders of 
Steam, Diesel, Diesel-electric 
Locomotives for all purposes. 
Flame Proof Diesel and Battery 
Locomotives for underground 






DICKROPE PLUS— THE MULTI-PLY VEE ROPE 
MULTIPLIES PERFORMANCE AND DURABILITY 


for high speed Machinery and Short centre Drives... 











2 


HUDSWELL, CLARKE 


working. Also the Enterprise 
Series of Constant Horse Power 
Dual Fluidrive Locomotives 

for ALL DUTIES. 


Experience and practice have shown that Dickrope- 
plus vee ropes have greater transmission capacity 
than any other vee ropes of similar construction. 
This has been made possible by the fabrication of 
a strong centre core of specially treated high tensile 
cords which carry heavier loads and ensure longer 
life on the most demanding drives. The outer cover 
of abrasion-resisting fabric gives full protection to 
the inner core and added strength to the vee belt. 


& COMPANY LIMITED 
Railway Foundry, Leeds 


120/122 Victoria Street, S.W.1 


Head Office: Greenhead Works, Glasgow, S.E. 
Telephone: Bridgeton 2344/5/6/7 
Telegrams: ‘Guttapercha, Glasgow’ 


Branches at Glasgow, London, Bristol, Birmingham, 
Manchester, Leeds, Newcastle, Dundee, Belfast, 
Bublin, Amsterdam and Vienna. 


TELEPHONE: 
Victoria 6784 


for a complete power transmission service call-in... 


Dickrope-plus has just the right amount of ‘‘give’’ in 
it so that under the repeated strains of high starting 
torques pulsating or shock loads and severe flexing 
met on high-speed drives, it retains its shape and 
great strength. 

Among the many other advantages of Dickrope-plus is 
its silent running and the ease with which it picks up the 
load without vibration ; and as no lubrication or dress- 
ing is required, Dickrope-plus ensures cleanliness. 






R.&aS. DICK, Ltd. 


Power Transmission Engineers since 1/885. 


Agencies throughout the world. American factory at Passaic, New Jersey 


ALL BRANCHES TECHNICALLY STAFFED AND FULLY STOCKED TO GIVE IMMEDIATE SERVICE 


TT) 


PERFORATED METAL 





GOVAN SHAFTING 





Telegrams: ‘PEDESTAL GLASGOW.” Telephone: Govan 1145 (3 lines) 
PERRUREGREEEGRREGEORRRREERRRERERRERERRGREECG RRR ERRRREERR GEER RERRRRRERRRROREE 





HAYLE, CORNWALL 
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= ENGINEERING CO. : E 

= PROPRIETORS: THE STEEL COMPANY OF SCOTLAND LTD. = 

= BRIGHT DRAWN STEEL TURNED STEEL BARS & a- 

= UP TO 18 in. DIA. = || 

= BRIGHT STEEL BLANKS = bg | 

= ANY THICKNESS IN MILD STEEL - FREECUTTING & rg L 
= CASE HARDENING - HIGH TENSILE, ETC. = (— 
= Vv = ea 

= 87, HELEN ST., GOVAN, GLASGOW S.W.I = cA 

i F 
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CLYDE-BOOTH ChANES 


C.C.B. Overhead Travelling Crane Installation at the C.E.A. 
Power Station, Skelton Grange, Leeds. 


ING 



























Salient Features of 


Clyde-Booth Design . 


ELECTRIC BRAKES.... 


The C.C.B. Solenoid brake is a compact 





Standard A. C. Brake 

















all steel design, built to give long 





working life with a minimum amount of 


adjustment. Detail refinements include: 


CLYDE RIT 


CLYDE CRANE & BOOTH LTD. Incorporating: 


@ Hardened and ground pins working in phosphor bronze bushed links. 


@ Die pressed friction linings ground to form after fitting. 





@ Quick and easy adjustment to compensate for lining wear. 


@ Wide brake drum and shoes provide large friction area. 








Joseph Booth & Bros., Clyde Crane & Engineering Co., 
Union Crane Works, RODLEY, Leeds. MOSSEND, Lanarkshire. 
Telephone : Pudsey 3168 (6 lines) Telegrams : “‘Cranes,” Rodley : Telephone : Holytown 412(6 lines) Telegrame : *‘Ciyde,” Motherwell 


 —_— _-._wrk ee We Se eae ae 
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MARTIN-BLACK WIRE ROPE 


LEAFLETS 


Give your Koppes a 


give hints on how to make your ropes last longer. Your set is 
available on request. Useful data on the care of Wire Ropes have 
been collected and published by us and should be of assistance in 
obtaining maximum life. 


MARTIN, BLACK & CO (WIRE ew sania 







SPEEDWELL WORKS, COATBRIDGE, GLASGOW ..... - Telephone: COATBRIDGE 567 (Priv. Exch.) 
9'10 MARBLE ARCH, LONDON, W.1;  ... 200 cee cee cee cee cee cee Telephone: AMBASSADOR 0051/3 
31 N. JOHN STREET, LIVERPOOL, wae sKin./ ae ie Telephone: CENTRAL 0924 (2 lines) 
640 WOODBOROUGH ROAD, MAPPERLEY, NOTTINGHAM. | ee ee Telephone: NOTTINGHAM 64397, 66055/6 
13 SANDHILL, QUAYSIDE, NEWCASTLE-ON-TYNE. : Seiai.aiseei lane Telephone: NEWCASTLE 2-1282 
D. M. STEVENSON & CO. LTD., THE EXCHANGE, MOUNT STUART SQ., "CARDIFF, 1... ... Telephone: CARDIFF 32162 


ALSO: MARTIN, BLACK WIRE ROPES (CANADA) LTD., 2062 ALBERT STREET, MONTREAL, 3, ~ 285 BERING AVENUE, TORONTO, [8 
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Spliéright down 
to the shatt 


For over 50 years Cooper Split Roller Bear- 
ings have provided Engineers with anti-friction 
bearings having the exclusive advantage of being 
split right down to the shaft. 


Consider these unique features : 

* Greater scope in the design of machinery — 
shafting can be designed solely from stress 
considerations, with no worry as to ‘ how to 
get the bearings in’. 


* Time spent on assembly is cut to a fraction 
of that required for solid bearings. 


* The actual rolling surfaces can be readily 
inspected. Shafts, gears and couplings need 
never be disturbed. 


* Cooper Split Roller Bearings may be em- 
ployed profitably not only where space is 
restricted but throughout the complete 
installation. 


In many thousands of Plants the world over 
Cooper bearings are first choice, especially for 
continuous process equipment. 


Made in three Series, Medium, Heavy and 
Extra Heavy, in sizes from | 1/4” to 30” bore 
(English and metric units), complete with sturdy 
self-aligning housings and pedestals. 


Special bearings—up to 100” outside dia- 
meter—are also manufactured to customer's 
requirements. 


Technical and after-sales service by District 
Engineers in the United Kingdom. Agents in 
54 countries overseas. 


Please send for Catalogue. 


ROLLER BEARINGS 


COOPER ROLLER BEARINGS CO. LTD. 


KINGS LYNN - NORFOLK - ENGLAND 
Telephone: KINGS LYNN 3447 


—and halve your bearings problems 


CPC 6EG6 








[elephone: 





STEEL PRODUCTS OF INTERNATIONAL REPUTE 


Titi in JAMAICA 
























Here is one small part of an installation of Welded Steel 
Precipitator Tanks in course of erection at Williamsfield, 
Jamaica, at the Kirkvine Works of Alumina Jamaica 
Ltd. The tanks were manufactured at the South 


Durham Malleable Works, Stockton-on-Tees. 


After fabrication and test assembly at Stockton, the 
component parts were shipped to Jamaica. With them 
went a full crew of South Durham’s trained erectors 
and welders whose tour of duty overseas has since 

covered the installation of one of the largest mineral 


processing plants in the western hemisphere. 


Work on a similar Alumina Jamaica plant at Ewarton, 


is now nearing completion. 


All over the world, South Durham Welded Steel Tanks 
and Pressure Vessels are serving a wide variety of 


industries and maintaining the national reputation 






for high quality products and good service. 


The services of the South Durham Technical Advisory and Drawing Office 
Staffs are available at all times to engineers engaged in the planning or 
development of projects involving the use of any of the Company's products. 






SOUTH DURHAM STEEL AND IRON COMPANY LIMITED 


Central Sales Office: CARGO FLEET IRON WORKS, MIDDLESBROUGH, YORKS. 


Middlesbrough 2631 (14 lines). Telegrams and Cables: ‘‘Carfleco,”” Phone, Middlesbrough. Also at West Hartlepool, Stockton-on-Tees and London. 
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y / : Here are just a few of the 
a W chemical resistance Penseccampaiaaan 
pumps will handle effectively 


Worthington-Simpson pumps in WORTHITE, superior and safely 


Sulphuric Acid 


alloy steel, offer full corrosion resistance to sulphuric and many 
ather acids and alkalis. For pumping mildly corrosive Acetic Acid, glacial 
’ 


iquids, le 2 3 Stainless Steel is specially suitable and it will 
Acetic Anhydride 


not contaminate or discolour non-corrosive 


liquids. This range of pumps is of cost-saving Monobloc Acetone 


construction, and the pumps themscives. hays Alcohols 


interchangeable stuffing box glands and mechanical seals to 
Benzoic Acid 


permit simple changes to suit different processes 
Boric Acid, cold 
Butyric Acid 
Calcium Bisulphite 
Caustic Potash, 70°F 
Caustic Soda up to 50% 
Chlorosulphonic Acid, 120°F 

(pure) 

Chloroform 
Copper Sulphate 
Ethyl Acetate, 70°F 
Fatty Acids 
Formaldehyde, 70°F 
Glycerine 
Magnesium Sulphate, 5%, 70°F 
Nitric Acid, all concentrations 
Oleum, up to 120°F 
Phosphoric Acid, 10%, 70°F 
Phosphoric Acid, 85%, 70°F 
Refinery Crudes 
Silver Nitrate, 70°F 
Sodium Sulphate, 5%, 70°F 
Sodium Sulphide, 5°, 70°F 
Sodium Sulphite, 5°, 70°F 


Sulphurous Acid 


in WORTHIF¥E and 1883 STAINLESS STEEL 


put it to the test 


rthington a Simpson LTD NEWARK NOTTS 


P659/LO.1674 
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“ Distington-Goodman 


BELT CONVEYOR STRUCTURE 


(Patented ) 














— increases belt life 

— reduces installation costs 
— increases capacity 

— almost eliminates spillage 
— inexpensive 





















































" Adeaeaiie tor — CONVENTIONAL STRUCTURE _—The longitudinal members of this 
conveyor structure consist of 3” 
dia. steel ropes in tension. 

The connections at the ends 

of each troughing idle: shaft are 


hinged. These basic features 





provide a resilient conveyor 





which is easy to stack, transport 





Greater conveying capacity 
obtainable by increased troughing and install — a conveyor in which 
under load 


TYPICAL ‘[ANCHORAGES 
impact damage to the belt as it 


passes over the idlers is greatly 
reduced. The belt is easy to 

train. The bottom belt is in 

full view and there need not be any 


concealed rubbing between belt and structure. 





/OISTINGTON 


c 


DISTINGTON ENGINEERING COMPANY LIMITED 














The handling of heavy machinery, 

pulky loads or large welded structures 
demands “RELIABILITY” as the 

first essential in the Overhead Crane 
doing the job. This is the main 
characteristic around which all our 
cranes are designed. 

Simplicity of controls, ease of access 
for inspection, good visibility for 

the driver are inherent features. Where 
the work demands the fitting of 

slow speed equipment, it can be readily 
incorporated as shewn in the 

top illustration. 

The bottom illustration is of a 50 ton 
Crane 70 feet centres and is 

submitted by the kind permission 


of Messrs. Robert Jenkins of Rotherham. 
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JOHN SMITH (KEIGHLEY) Ltd. 


P.0. BOX 21: THE CRANE WORKS: KEIGHLEY: YORKS. Tel: Keighley 2283 (4 lines) Grams: Cranes, Keighley] _ 


Southern Counties Office: Brettenham House. Lancaster 


Place, Strand, London W.C.2. Telephone: Temple Bar 1515 


London Office: Buckingham House, 19/21 Palace St., (off 


Victoria St), London S.W.1. Telephone: Tate Gallery 0377/8 
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We are designers and manufacturers of a full range of high-class Power Transmission Appliances 


EN 





V_eBeELT 
DRIVES 


The choice of the Machine Tool 
Industry 





R. HUNT & CO. LTD. 


ATLAS WORKS -: EARLS COLNE -: ESSEX The photograph shows one of our 


drives mounted on a Denham Model 
Telephone: Earls Colne 202 $S8 heavy duty centre lathe. 











LUBRICATING PROBLEMS CAN 
BE SOLVED WITH THE NEW 


ASSEMBLY 


_ GRAPHOGEN 


‘COMPOUND / 
WAG (7d 
ALNRNAGG | 

gig | 


it is used in all cases 

precision machinery, + } 

and electrical apparat 

down is of importance; a 

lubrication and for machin rt 

to service and dismantl.. fing 

and corrosion on the treateo par 

Supplied in tubes for easy handling: Standard tuhe, 5 

British made by 
STAMGO MANUFACTURING CO. LTD 
8 WOOD STREET, KINGSTON-ON-THAMEs 
Telephone: KINGSTON 9259 








as 





The — ‘ 
oa CET OUR TEETH ‘ INTO [7 

compound es a ) 
for % 





all All over the world, gears 
screwed are to be found with teeth 


pipe cut by us. 
~ joints We cut thousands every 




















also for: Vee-Reg Valves year and we can cut teeth 
Velan Steam Traps for you too. GEARS 
and all pipe-line accessories 
Write to :— Our technical representatives 
Mer a will be pleased to call and 
The British Steam Specialties discuss your requirements. @ GEARS OF EVERY DESCRIPTION 
Py @ COLLIERY GEARING A SPECIALITY 
— and Depots — AURORA GEARING CO. (WILMOT NORTH) LTD., EOMUND RD., SHEFFIELD 
(A subsidiary of Aurora Gear & Engineering Co., Ltd.) 
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Spinning 
SAVES METAL 


Para, §6©60- — CUTS TOOL COSTS 




















Dished and flanged ends Rotar- 


ea Ee 


em hii ' = press spun by Harveys, greatly 


facilitate the design and produc- 
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— } ae ae tion of Pressure Vessels. They 
— +t o> a 
+ Se ag eee combine semi- ellipsoidal form 

7 4 with large knuckle radius. A 

} 

+4 , og 

iB substantial reduction in plate 









































thickness can be effected, and 











in most cases tool costs are 











eliminated. 
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‘Rotarprest’ Ends for Pressure Vessels 
can be supplied in Mild, Alloy and Clad Steels 
and Non-ferrous Metals. The capacity of the 
Rotarpress ranges from 5 to 15 feet diameter, and 
3 in. to 4 in. thickness. Knuckle radii and depth 


may be varied to meet individual requirements. 


Please ask for List No. EG 965 giving full range 


of sizes. 











G. A. HARVEY & CO. (LONDON) {LTD. 
Woolwich Road, London, S.E.7 *Phone: GREenwich 3232 (22 lines) 
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A COMPLETE RANGE OF 


Pm ‘Micronic’ OIL FILTERS 


Purolator Micronic oil filters provide 
complete protection for your engine. 
By removing even the smallest particles 
of harmful dirt, they drastically reduce 
the rate of engine wear. 






















The construction of the ‘Micronic’ 
element ensures that the largest possible 
filtering area is packed into the available 
space, thus providing longer life. 





A relief valve allows the oil to con- 
tinue flowing if the element is allowed 
to become completely choked. 


Both external pipe and direct pad 
mounting types (as illustrated) are 
available for all sizes of engine. f 


Se 4 | ’ | 


AUTOMOTIVE PRODUCTS 
COMPANY LIMITED Regd. Trade Marks : 


LEAMINGTON SPA, peseckinreniel 
WARWICKSHIRE MICRONIC 






















































Examine the — 
range of 
Flygt Pumps. . 











... because you will see that there is a 
suitable Flygt Pump for practically every 
purpose. Common to all Flygt Pumps is 
their remarkable versatility and low 
operating and maintenance cost. They are 
easily transportable, submersible, will 
‘‘run on snore ’’, do not need priming and 
will pump water with a high percentage 
of solids. Ideally suited to the drainage of 
sumps, gulleys, or low lying areas. 


B. 150/200 
56 H.P. Weight 1300 Ib. Delivery 6” or 8”. Capacity 
200 G.P.M. at 150 ft. Head—2,100 G.P.M. at 20 ft. Head. 
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B. 180/200 
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BIBBY ccieines 


For nearly forty years Bibby Resilient Couplings have enjoyed an 


unexcelled reputation for efficiency and reliability and numerous 






’ Couplings supplied over thirty years ago are still giving trouble-free  B.80M ‘ ; 
aan 5 H.P. Weight 140 Ib. Delivery 3”. Capacity 45 
G.P.M. at 80 ft. Head — 200 G.P.M. at 20 ft. Head. 






B. 80 L 
5 H.P. Weight 183 Ib. Delivery 3”. Capacity 200 
G.P.M. at 20 ft. Head — 45 G.P.M. at 85 ft. Head. 
High Head Impeller gives up to 130 ft. Head. 
oe . B.38L 

ee 14 H.P. Weight 79 Ib. Delivery 14”. Capacity 10 

: G.P.M. at 55 ft. Head — 40 G.P.M. at 20 ft. Head. 

Interested engineers are invited to send 
for complete technical data to: 


a MIDLAND TUNNELLING CO. LTD., 
THE WELLMAN BIBBY COMPANY LIMITED = BENTINCK ROAD =—_HYSON GREEN = NOTTINGHAM 


ee 2 Telephone: 75182/3 , 
PARNELL HOUSE, WILTON ROAD, LONDON, 5.W.1. b “ciis.s2, Flygt Pumps go on pumping to the last drop. 





The outstanding resilience of Bibby Couplings dampens shocks and 





service. | 
vibrations, ensures smooth running of plant, eliminates breakdowns. | 






Standard Couplings up to 7'2” bore can be supplied from stock. 













We invite you to write for our illustrated brochure. 
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“TYPE 52 RUBBER LINED SHOT BLAST CABINET 
COMPACT MACHINE REQUIRING THE MINIMUM OF FLOOR SPACE. 
PIVOTED DOOR GIVES FULL WIDTH OPENING TO INSIDE AREA 32in. WIDE 
by 24in. DEEP OR 24in. WIDE by 24in. DEEP. 

MOVEMENT OF THE COUNTERBALANCED DOOR IS BY AIR CYLINDER 
THROUGH TWO HANDED VALVE CONTROL TO ENSURE OPERATOR 
SAFETY. THE DOOR IS CLEAR OF THE SOFT RUBBER SEAL WHEN 





One of the many lifting devices 
from the BERL range,this unique 
lifting beam is equipped with 8 







twin shackles for connection to 
aramshorn hook. Write for our 
leaflets now. 












e,e © . LIFTING OR LOWERING, AND SEALS WHEN CLOSING. 
British Electr Ical Better Equipment BLAST CONTROL IS BY FOOT PEDAL. 
Repairs Limited for Raising Loads FOR STANDARD OR SPECIAL SHOT BLAST EQUIPMENT SEND YOUR ENQUIRIES TO 





J. W. JACKMAN & COMPANY LTD. 
VULCAN WORKS, BLACKFRIARS ROAD, MANCHESTER, 3 


Telephone: DEANSGATE 4648-9 Telegrams: BLAST, MANCHESTER 


Empire House, Charlotte 
Street, Manchester / 
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BRUSH 
SPRINGS 
BY 
TERRYS 


Our long experience has taught us 
how to make good BRUSH SPRINGS 
in steel and phosphor bronze. Please 
may we quote to your samples or 
prints ? 









HERBERT TERRY & SONS LTD REDDITCH 
Spring Specialists for over 103 years 





Manchester: 279 Deansgate - London: 27 Holborn Viaduct, E.C.1 - Birmingham: 210 Corporation Street 
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HALL MARKS 
FINE STEELS 


Consistent high quality during many 
generations of manufacturing has secured a 
reputation as hallmarks of fine steels for the 
various brands produced by Samuel Osborn 
& Co., Limited. 

Production methods, blending traditional skill 
with modern technology, ensure that these 
high-speed tool, alloy, manganese, stainless 
and heat-resisting steels will satisfy the most 
exacting standards. 





* Comprehensive 
stocks 
constantly 
maintained 
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GRanrep 18>? 






“~ TROPIC — 


FINE STEELMAKERS STEELFOUNDERS ENGINEERS’ TOOLMAKER- 


SAMUEL OG BGR Wee... LIMITED 
CLYDE STEEL We SHEFFIELD 
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construction in steel 904 
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The constructional Department of 





Head Wrightson produces steelwork 
for industrial constructions of all 
types, chemical, gas, iron and steel, etc. 
The lower photograph shows the 200 ft. 


Winder Tower built for the 
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Rufford Colliery of the National 


Coal Board. 750 tons of steel were 


, 
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used in this construction. 
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The illustration above shows the 
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Sinter Plant Building constructed for 


Messrs. John Summers & Co. Ltd. 












HEAD WRIGHTSON TEESDALE LTD 


TEESDALE IRON WORKS THORNABY-ON-TEES 
LONDON JOHANNESBURG TORONTO SYDNEY CALCUTTA 
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INDUSTRIAL « TRACTION GEARS 


EPICYCLE TYPE REDUCTION GEARS 


EN 







Ratios 3 : 1, to 1200 : 1. 
Maximum Efficiency—minimum 


space Horizontal or Vertical 





Mounting. The most efficient 
method of obtaining a low 


speed drive, using a high speed 


motor, utilizing a minimum of C 
space. ‘ 
We can offer single or multiple 
stage reductions from 3 to 1, up t 
to 1200 to 1, for horizontal or - 
vertical mounting. . 

L 


Illustrated — MOTORIZED MULTIPLE STAGE 
Ratio 1100/1, 60,000 ins. lbs. torque output 


BOSTOCE @ BRAMELY ETD. 


SPECIALISTS IN POWER TRANSMISSION 
ODONTIC WORKS Phone: Stalybridge 3232-3 STALYBRIDGE 
206 


1) es: Ss 


& Wa 

















CHOOSE Gunmetal PIPE FITTINGS 





. and choose from the world’s finest range. All Kontite Castings are made in 
corrosion-resisting gunmetal and standard Compression Fittings are made 


for all sizes of pipes up to 6in. bore. Even if your requirements 





are of a “special” nature, you will still 


find our delivery service excellent. 


KAY & COMPANY (Engineers) LTD 
ENGINEERS, BRASSFOUNDERS AND ALLOYERS 


BOLTON BRASS WORKS, BLACKHORSE STREET, BOLTON, LANCS. 
Phone: 3041 Grams: “Kontite” Bolton Telex No. 63-186 

















Send now for our Catalogue. 
It is comprehensive, fully 
illustrated, and it contains 
useful information on Com- 
pression Fittings. 
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~ TT] = SUNVIC 
i; a 


-“\\ NC An A E.1. Company 


















‘* Newallastic’’ bolts and studs have 


qualities which are absolutely unique. 
They have been tested by every known 
device, and have been proved to be 
stronger and more resistant to fatigue 
than bolts or studs made by the usual 


method. , 


Sunvic—an all-British company—pioneered the introduction 
of pneumatic force-balance instruments to this country. 
Now, in addition to supplying individual instruments, we will 
engineer complete pneumatic/electric process 

measurement and control systems, including data 

handling. Extensive research, design and engineering 


resources are available to industry at all times. 





Not only instruments but complete inthicmentation 


for intagrated monitoring, contro! and data handling of nuclear reactors and industrial processes. 
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Components 
and Electronio 
Instruments 


C] 


Nuclear Reactor 
Instrumentation 


C 


Handling 


Data 


C 


Pressure Control 
Instrumentation 


a 
this 
d and 


iformation to 







ions that 
in 
P.O. Box 1, 


Harlow, Essex. 


oes 


particularly concerr 

strip to your] 

post for further i 
Sunvic Controls Ltd., 











POSSILPARK 


GLASGOW: N. 



























FIT AULD’S PATENT 
REDUCING VALVES 


for all duties on Steam, 
Air or Water Services 


HYDRAULIC PUMPS 
FOR PRESSURE Lee 





AULD’S PATENT 
Full Bore Safety Valve 
enables full area of seat 

to be utilised for 
discharge. 





























Maximum pressures up to 10,000 Ib/in.?, with 
minimum of effort - Other models for lower 


. maximum pressures * Supplied with strong 
Patent Full Bore ene Class ‘‘A”’ 


sea tft fa one ig gg gn 

We also manufacture construction » Can be supplied without boxes 

SURPLUS VALVES, COMBINED SURPLUS AND Fi -esnclipe-ncinga — toi ~esaeggyrl d re 
REDUCING VALVES, STOP VALVES, STEAM delivery pipes wit razed-on connections. 


TRAPS, DE-SUPERHEATERS, COMBINED 


Robert Harlow & Son Ltd., 
REDUCING AND DE-SUPERHEATING UNITS 








HEATON NORRIS - STOCKPORT - CHESHIRE 


DAVID AULD & SONSLTp. |" "28ers; cuaniow stochroar” 
LONDON OFFICE: 10 NORFOLK STREET, LONDON 


Whitevale Foundry, GLASGOW. W.C.2. Telephone: COVent Garden 0315/6/7. Telegrams: 


“TUBENPIPE”’ - Phone - London. 





Telephone No. Bridgeton 1242 Teleg “Reducing,” Glasgow 


CW 5283 


Internal 


GRINDING and 
SUPERFINISHING 


(including blind bores) up to 5'8” diameter 


(insitu where necessary) with stroke up to 20’ 


Accuracy— -001/2’ 
Superfinish—1/10 micro inches. 
s a e * e e « e e e e 


Illustrated is the largest internal grinding head in the 
world, regrinding a steam cylinder 5’8” in diameter. 


NICOL & ANDREW LTD., HILLINGTON, GLASGOW, S.W.2 
MASTE aM Telephone: HALfway 4724 
Nicol & Andrew (London) Ltd. 172 High St., Brentford. 
Agents 
rn rew Walter C. Hill & Co. Ltd. King Sq. Ave., Stokes Croft, Bristol 2. Bristol 28264 


Hinchcliffe & Partners. 6 Park Grove, Cardiff. Cardiff 29719 

Elson, Margetts & Co. Ltd. 8 Queen’s Rd., Coventry. Coventry 2469 

A. F. Richardson, Metalock (Britain) Ltd. St. Andrew’s Chrs., 61 Church St., 
Grimsby, Lincs. Grimsby 56499 


Metalock (Britain) Ltd. Room 28, 3rd Floor, Exchange Bdgs., Quayside, 
Newcastle-on-Tyne. ewenitte 24808 
J. Hamilton & Co. Ltd. 102 & 104 Percy St., Belfast. Belfast 29798 
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Accuracy of steelwork has 
helped to make Cleveland’s 
reputation. A 2” shaft may 
be required to be consistent 
in diameter to one part in 
one thousand; a 60ft. girder 
to 1/32” length. It is in the 
consistent maintenance of 
required tolerances that 
Cleveland excel. Bridges are 
trial erected in our yards, so 
that when they finally reach 
their destination there may 
be no doubt of their being 
correct. 


CLEVELAND 


HANDY ANGLE 
akes space- 


“Saves overheads 





tolerance 
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WE ARE BUILDERS OF 

BRIDGES + POWER STATIONS * WORKSHOPS 
TUNNELS * HANGARS ° DRAINAGE SCHEMES 
CRANES * PYLONS °* LANDING STAGES 
DOCK GATES * DEEP FOUNDATIONS 


Our services are always available 
in design, in detailing and in the 
construction of all types of structures. 


THE CLEVELAND BRIDGE & ENGINEERING CO. LTD. DARLINGTON. 
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HANDY ANGLE sections were used in the construction of 
this mezzanine floor, resulting in greatly increased storage 
space at no extra rent! 

This is just one example of the amazing variety of things 
which can be simply and easily constructed with HANDY 
ANGLE— using unskilled labour! To meet all your require- 
ments, there is a complete range of HANDY ANGLE sections 
available. 

In addition, whenever detailed drawings are required, 
HANDY ANGLE will provide them entirely free of charge 
—write now for brochure no. 10 which gives full details. 


“TALKING TO AMERICANS: 


what they are thinking and where it leads” 


The United States of America are thought to be passing through 
a dramatic phase in their evolution. ‘‘ ENGINEERING” reports its 
observation on current American thinking in connection with 
education, science, engineering, management and business in: 
“Talking to Americans: what they are thinking and where it leads.” 
Reprinted from “‘ ENGINEERING ” 





8s. with attractive stiff cover, post free from: 


ENGINEERING, 36 BEDFORD Street, LONDON, W.C.2 Tel.: TEM 3663 





MANUFACTURED IN 
HAL 


HANDY ANGLE LTD 


Grand Buildings, Trafalgar Sq., London, W.C.2. Trafalgar 2551 & 4061 (10 lines) 
Works: Brierley Hill, Staffs. Telephone: 77411/3. 





FRANCE, WESTERN GERMANY, SPAIN, DENMARK, AUSTRALIA 
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“IF YOU CAN MEASURE STEAM— 


-—-YOU CAN MEASURE WASTE” 
| with the 


“ CURNON ” 


STEAM METER 


How to select 
the right alloys 





3 PIPE a STEAM METER 180 PER HOuR 


TO RESIST WEAR 





Where abrasion grinds away ordinary metals, where cavitation and 
erosion destroy and where high pressure steam cuts, harder, tougher, wear- 
resistant Wiggin nickel alloys give longer service. 


Abrasion : Cast ‘S’ Monel is particularly 
resistant to abrasion and is widely used 
for valve and pump parts and wearing 
sleeves that must withstand wear as well 
as corrosion. 





@ 24-HOUR GRAPH RECORDS 
@ EASY INSTALLATION 


Cast and machined Monel impellers are widely 











@ AUTOMATIC used in steam power and chemical plants. 
PRESSURE COMPENSATION When a wear-resisting, wrought metal is 
@ ENTIRELY MECHANICAL required, ‘K’ Monel provides the strength 
@ INTEGRATOR CAN BE and hardness needed for pump shafts, 

PROVIDED valve discs, or propeller shafts. 

: phe jong —s Erosion : The high resistance of ‘S’ Monel 
to erosion accounts for its extensive use 
DON’T LET PROFITS in impellers, agitators and valve parts. In 
GO UP IN STEAM! the most severe service, ‘S’ Monel gives 
FULL DETAILS ON APPLICATION three to ten times the life of ordinary 
materials when destructive erosion, abra- 


| sion and corrosion are involved. 


TELE. CHOriton 3885 } 
CH A NON ENGINEERING CO. | In resisting steam erosion, Monel and 


CLAUDE ROAD WORKS, CHORLTON, MANCHESTER, 21 nickel are used at temperatures up tO ‘K’ Monelshafts for saltwater maincirculation ‘K’ Monel pump sleeves fitted to pumps for 
425°C. and ‘S’ Monel up to 510°C. pumps in marine service. reconditioning. 


The choice of materials for corrosion-resistance is a job for the expert. Our Technical Service ee 
TH ERMOSTATIC engineers are always ready to give advice on the detailed applications of wrought high-nickel 


VALVES alloys in the light of many years’ specialised experience. 


fe 
49 aseiaiie WIGGIN KNOW NICKEL ALLOYS 


















Mone! is a registered trade mark 
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Steam Supply 
i i i i vi i i Transf P id P, id i 
to Hot Water neopets cohen ——— in mg mee a Servet hear’ al oriabilty proparting 
Calorifiers, 
Etc. &@>. HENRY WIGGIN & COMPANY LIMITED « WIGGIN STREET «- BIRMINGHAM 16 
TGA MP/tb 
THE 
ENGINEERING Co. Ltd 














35 PITT STREET, GLASGOW 














JOHN FRASER AND SON LIMITED COMPRESSORS 
| 





Ferry Street, Millwall, London, E.14 
Makers of ‘al 


Pressure Vessels, Rotary Furnaces HIGH PRESSURES 


Etc., in RIVETED or WELDED MILD STEEL PLATES |! 





and 
SPECIAL GASES 


Li ; 2 
Telephone: EASt 1185 Telegrams :Presvesals, Phone, London om E AG E ae ot MITED DARTFORD 


DARTFORD 3248 
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WYEAVPS PATENT SCREWING MACHINES 


Heaps Universal Screwing 
Machines are a range of General 
Purpose Screwing Machines 
widely used in general Engineer- 
ing Workshops & Collieries and 
in the maintenance departments 


of factories etc. where the 


quantities of each class of screw- 


ing do not warrant the installa- 
tion of the Automatic Diehead 


type of machine 


% Catalogue free on request 


STANWELD ENGINEERING CO 








<a 


4° UNIVERSAL SCREWING 
MACHINE 


This machine is fitted with a Cam 
type Radial Diehead with Lever 
Release and Dies of carbon tool or 
High speed steel can be supplied 
for almost any type of thread. 
The vice is of the self-centring 
type with double jaws for the large 
sizes. Final drive to the main 
spindle is through a worm = and 
worm wheel. Speed changes are 
obtained through “ pick-off” gears. 
An automatic pump for the cutting 
lubricant can be supplied. 


Capacity: 
din. to 4in. 
tin. to 2in. 


Every bar welded—no rivets 
to work loose. 

Weight carrying with mint 
mum depth and weight. 
Non-slip serrated tread, 

Any width or length. 

Spaced bars permit light and 
air circulation and also easy 
painting and cleaning. 


With acknowledgements to the 
North Western Gas Board to whom 
we are indebted for the privilege of 
taking this photograph. 


\ 


. LTD. Roundthorne Industrial Estate, Wythenshawe, Manchester 23 
Tel: Wythenshawe 5555 (4 lines) 
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THE 
ENGINEERING 
J 0 U R N A L ita lili Ceili He ; ih \ é 1) 


2050 MANSFIELO STREET 
MONTREAL 2, CANADA 








Cable Address: ENGINST, Montreal 
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Canada's jeading Pro gsion the owners, and 
THE ENG+ _ No other engineering 


f these men who are sO 
eering goods and sé 


These engineers pits. Few of them 
read British technica j them read their 
American counterparts » 18,000 of them 
receive anda read THE EN 

If you wish to sell to engine in the Canadian market, 

the most economical and effective wa reach them is through the 
publication they buy, own, and respect, THE ENGINEERING JOURNAL. 





















































Ask our U.K. representative for copies, charges» and audited 


circulation statements - The adaaress is: 


. A. MACKENZIE, 
4a Bloomsbury Square, 
London, w.c.l, England. 


Telephone - HOLborn 3779. 
Remember! THE ENGINEERING JOURNAL is owned ana bou 


readers: 












































Most cordially yours, 









































































































































































































































































































































AS OO WOES MOO SOOO SOOO NOOO SO! SEES SUES Suet Bete See Senet 











ENGINEERING December 26, 1958 








Loco Axle 

boxes. A typical 
job cast and 
machined by 
N.S.F. 


For years N.S.F. have been working with 
leading engineering firms, supplying steel 
castings of proved reliability. An up-to- 
date foundry employing electric melting 
practice, with facilities for rapid produc- 
tion of castings up to 25 cwts., also one 
of the best equipped machine shops in the 
North is at the service of all who need 
steel castings to exact specifications. 


National Steel F oundry — 


(1914) LTD. KIRKLAND WORKS, LEVEN, FIFE. PHONE LEVEN 693. Lonpon Orrics, ALEXANDRA HOUSE, KINGSWAY, ry 


SPRINGS 
F.S. RATCLIFFE (ROCHDALE) LTD. 


CRAWFORD SPRING WORKS, NORMAN RD., ROCHDALE 


Phone: Rochdale 4692/3. ’Grams : Recoil, Rochdale 
cW 5188 











150/100,000 g.p.h. 


: Temperatures up to 600°F 


Dil Pumps 


DRUM Pumps meet the requirements of the 


petroleum industry in a unique way, and are 
suitable for liquid from the most volatile to 
the most viscous, over a wide range of 


temperatures. Cargo, bunkering transfer, 


road tanker, refuelling pumps, etc. 


THE DRUM ENGINEERING COMPANY LIMITED 
HUMBOLDT STREET BRADFORD e Telephone: Bradford 22358 


London Office: 38, Victoria Street, Westminster, S.W.1. Telephone: ABBey 396! 


Branch Offices in Glasgow, Newcastle, Manchester and Birmingham 


EA ERR LEE ROR NS LT 
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no magic 






about it 







There’s no magic about Sykes Dewatering 
Equipment. Its efficiency is due to 
excellent design backed by 100 years 

of pumping experience. In the same 
way there is no mystery about installing 
and operating the system. The 
remarkable jetting efficiency of the 
unique Jetwell wellpoints makes 
installation simple, speedy and 
economical. Reliability of operation 

is so high that the plant can be 
maintained by one semi-skilled 

man, and will give non-stop service 

for months on end with the 

very minimum of attention. 

































The photograph shows part of an 
excavation in water-bearing sand, 

taken to 25 ft below standing water level. 
This work was carried out by a 
contractor who had not previously 
owned dewatering equipment, 

and without expert assistance. 





DEWATERING EQUIPMENT 


HENRY SYKES LTD, Southwark Street, London, S.E.1 


Telephone : HOP 5231 (8 lines) Telegrams: Tripulse, Sedist, London 





SB/x4s 











Printed by HARRISON & SONS, LTD., By Appointment to H.M. The Queen, Printers, London, England. Published by ENGINEERING LTD., at 36, Bedford Street, London, W.U.2 
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How HOPE’S 
made quite sure 


RUSTODIAN 

is the primer for 
galvanized steel 
windows 


Rustodian has convinced Henry Hope & Sons Ltd., 
that there is nothing like a Calcium Plumbate 
Primer for galvanized metal window frames. Hope’s 
are one of the largest makers of galvanized metal 
window frames in this country. 
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In their own words, in their own catalogue, they say — 
“PAINTING. As a priming coat we recommend the use of calcium 
plumbate primer ‘RUSTODIAN’. This paint will adhere firmly to a 
newly galvanized window without any prior etching treatment. We 
deprecate the use of mordant solutions applied to windows on a build- 
ing site. Calcium plumbate primer ‘Rustodian ’ forms a good base for 
any good oil paint; 

It is advisable to apply the primer before glazing.” 

















Ww The exceptional adhesion and rust-inhibiting 
<< thesion and hibiting 


properties of Rustodian are commending it to many 
other manufacturers, public authorities and architects 
for all iron and steel and galvanizing. Rustodian is 
manufactured under British Patent No. 574826. 


; ** Associated Lead Manufacturers Limited 
j is a single Company which specialises in the 
manufacture of Lead Pigments and Lead Paints. 


CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, E.C.2. 
CRESCENT HOUSE, NEWCASTLE. a | 


LEAD WORKS LANE, CHESTER. 








f Export enquiries to: ASSOCIATED LEAD MANUFACTURERS EXPORT CO. LTD., CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, E.C.2. 
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120 MVA UNDER CONSTRUCTION 


BTH were first to be awarded a contract for the 
supply of 120-MVA 275/132-kV transformers for 
the C.E.G.B Super Grid. 


1953 


120 MVA IN SERVICE 


The first 120-MVA unit was commissioned in 

July 1953. Up to date, ten of these units have = 

been installed or are om order. 120-M VA 275/132-kV transformers at the Staythorpe Sub Station 
of the C.E.G.B. 





NOW 
Unithen ilye forward 


180-MVA ORDER IN HAND 
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C.E.G.B placed with BTH one of the first two orders for 180-MVA 275; 132-kV transformers, 
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BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED - RUGBY - ENGLAND 
an A.E.I. Company. 





7941 





















